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A Book on Outer Space 


In the year marking the 20th anniversary of Yuri Gagarin’s 
flight into space, I was responsible for running the ‘‘Small Inter- 
cosmos”’ competition. It was given this title because with the So- 
viet children taking part in this competition were others from 
Bulgaria, Hungary, Vietnam, the GDR, Laos, Mongolia and 
Czechoslovakia. Each of the competitors had to devise an expe- 
riment which in his or her opinion might be carried out in space. 
These children sent in more than two thousand suggestions and 
amongst these were some that, in my opinion, most children 
would be capable of inventing. Take a few examples. A cat, as 
we know, is one of the most agile of all creatures. But how would 
it behave in a state of weightlessness? 

Other children suggested taking ants and bees on board a 
spaceship. These insects have an excellent sense of orientation 
when on Earth. The children proposed an investigation as to whe- 
ther this sense would be quite so keen if the insects were inside 
an orbital space station. 

There were many suggestions and projects and it would be im- 
possible to list them all here. I can say only one thing — that 
cosmonautics has ceased to be the domain of adults alone. That 
is not really surprising. Many schoolchildren know more about 
outer space now than the first cosmonauts themselves knew 
when preparing for their flights. 

It was by chance that I began here by mentioning the “Small 
Intercosmos’’. This competition underlined the fact that child- 
ren need good and attractive books for their studies in cosmo- 
nautics. An A-Z of Cosmonautics is just such a book. 


_— 


G. Titov, USSR pilot-cosmonaut 
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The Polish scientist 
Nickolas Copernicus 
developed a theory 
concerning the Solar 
system. His theory 
simply and accurately 
explained the motion 
of the planets around 
| the Sun. 
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The Earth 
an 


its Neighbours 


Our Planet Earth 


Imagine you are walking across a flat 
meadow, looking around. It is quiet 
and warm. The grass is green. You can 
hear the gentle splashing of a stream 
and larks singing. Clouds sail by, high 
up in the sky, and right over there in the 
distance the ground seems to join the 
sky. That is the horizon. It is quite dis- 
tinct and well-defined. It seems also 
that no matter how far you walk, the 
Earth remains as flat and level as a 
table-top. 

Now imagine that you are flying up 
into the sky in an aeroplane or that you 
are standing on the top of a mountain. 
Perhaps you have already flown in a 
plane and have looked down at the 
Earth from one of its windows. You 
can see much more and a lot further 
from a plane than you can if you are 
standing in the middle of open country. 


Beneath the plane lie green forests and 
multicoloured, rectangular fields, inter- 
sected by dark, ribbon-like rivers. Rail- 
way lines and asphalt highways stretch 
out in thin, unbroken threads. It is 
already difficult to see the horizon, for 
it is hidden in a smoke-like fog. Yet still 
the Earth appears to be flat. 

Cosmonauts in their spaceships have 
flown higher than this above the Earth. 
They say that from up there, from a 
great height, the Earth looks extraordi- 
nary, not at all as i# does from a plane. 
Its surface seems to have become level, 
as if it had been smoothed down. Huge 
mountains have turned into tiny creases, 
rivers have become thin, winding 
threads, and you can no longer distin- 
guish between hills, ravines and other 
irregularities on the Earth’s surface. 
You see instead a variety of colours. 
Clouds stand out silver and white 
against the smooth dark blue surfaces 
of seas and oceans, against green 
patches of forest, yellow deserts and 
white blankets of snow. 

Not only this, but the Earth has 
become rounded in shape, like an up- 
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side-down saucer. From up in space, Globe — the 
your craft appears to be standing still, globe is a model of 
while the rounded face of the Earth " ine orth tr ie 
: shape of a ball 

slowly moves beneath it. Beyond the mounted onan axle 
horizon, the Earth’s surface seems to that is fixed to the 
curve away downwards. stand. All the land 

The fact that the Earth is round is and ae —. 

: : mountains and rivers, 
on awaae eae bays ae accel 
: that exists on our 

ago only a few people suspected this fact, planet, is marked on 
and of them still fewer talked about it. the globe. 
The majority of scientists tried to prove 
the opposite. If the Earth is round, they 
said, that means that half the people on 
it are walking upside down, which is 
impossible. And surely ships would fall 
off the other side of the world? 

Magellan’s round-the-world expedi- 
tion, the first of its kind, cleared up all 
these doubts. Five ships set sail, but 
only one returned. Not only the ships 
but all on board were lost. Magellan 
himself was killed by natives. But the 
ship which had circumnavigated the 
world had not fallen off it as many had 
predicted. It had returned home. Thus 
it was proved that the Earth is round. 

Is it possible to see the whole Earth 
at once? Yes, it is. To obtain such a 
view, you have to go still higher and 
look down at the Earth from a long 
way off—from the Moon, for 
instance. From there, our planet looks Antipode —if 
like a ball, lit up from one side by the the Earth is round, 
Sun. Around the Earth there is a thin, then the people on 
iridescent layer of air. It looks as the other side would 
though a rainbow had been tied around walk Upside, OF s0 

: ae our ancestors 

the planet. This layer of air is what }™°” » thought. But now not 
scientists call the atmosphere. even a child believes 

The atmosphere is not the same every- that any more. 
where. At the bottom, on the surface 
of the Earth, it is denser and thicker. 
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The higher one goes, the thinner it be- 
comes. That is why it is so hard to 
breathe when you are high up in the 
mountains. But look—the mountains 
and the clouds above them are already 
a long way below us. The sky is grad- 
ually darkening, changing from pale 
blue to violet, and then to black. We 
have gone up into outer space, where 
there is hardly any air and it is always 
dark.The gleam of far-away stars can- 
not cheer this emptiness and the bright 
Sun is unable to drive out the darkness 
around the Earth. Yet on the other 
hand, here in space the way is open for 
satellites and spacecraft. They cannot 
fly any lower, for the atmosphere slows 
them down. 


From the Moon one 
can see that the 
Earth is shaped like 


a ball. 


Atmosphere — a 

layer of air which we 
breathe and which is 
vital to the life of all 
creatures on 

Earth. The 
atmosphere is at its 
thickest and most 
dense on the Earth’s 
surface. The higher 
up one goes, the 
thinner it gets. 

Its colour changes 
too. 
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The Earth— 
A Spinning Top 


There is a toy called a spinning top. 
Through the middle of it runs an axis, a 
stalk-like spindle on which it supports 
itself. Have a go at spinning a top. It 
will stand on this spindle and will not 
fall over until it stops turning. « 

The Earth is just like a top, only it is 
very large and turns more slowly. 
Moreover, there is no spindle running 
through the centre of the Earth — there 
is nothing to support it. Therefore, peo- 
ple have invented an imaginary axis on 
which the Earth turns. 

One revolution of the Earth about its 
axis is called a day. If we say, for exam- 
ple, that three days have passed, that is, 
three 24-hour periods, that means that 
the Earth, with all that is on it, has 
completed three revolutions about its 
axis, 

Thus our planet is similar to a merry- 
go-round and we are all riding on it. 
This merry-go-round keeps on turning 
day and night, winter and summer, 
never stopping. 

A joker apparently made the follow- 
ing advertisement: “Do you want to 
make a speedy, comfortable, cheap trip 
around the universe? Buy a ticket from 
me and I'll tell you how to do it.” 

Of course, it is very interesting to 
travel and see the wonders of the stars 
and the sky. There were a lot of interest- 
ed applicants who bought tickets from 
this man, and in return he gave them 


the following advice: “Spend the night 
sitting at a wide open window and look 
at the marvels of the sky. You will be 
riding on the Earth as if on a merry- 
go-round, and you will see the whole 
Universe.” 

Now you might say: “The joker was 
right. Sitting by the window at night, 
you can see the sky, the stars, and the 
Moon. But you cannot see the Earth it- 
self.” 
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The Earth on a 
Merry-go-round 


It is winter. There is frost outside. But 
the Sun peeps out more and more fre- 
quently from behind the clouds and it is 
beginning to grow warmer. On the 
roofs of some houses the first icicles 
have appeared. The snow has turned to 
slush, melting into bright little rivulets 
of water. Spring has begun. That is 
a fine time of year, but summer is 
warmer. In summer, the Sun never 
seems to stop shining. When you go to 
bed it is still light outside, and when 
you awake it is light once more. But 
summer passes, autumn draws in, and 
then once again it is winter. 

How does all this happen? - 

The Earth, like a merry-go-round 
horse, rotates about the Sun in a wide 
circle and it completes one revolution 
each year. However, it does not move in 

The Earth, like an upright position, but is tilted at an 
a merry-go-round angle. That is why the Sun lights up the 
sie band ss Earth for varying periods of time and 
ar-wilevcivcle. It takes heats it to varying temperatures — 
exactly one year to sometimes higher, and sometimes low- 
complete one er. It is for this reason that the sea- 
revolution. sons constantly alternate between cold 
and warm. 
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The Earth does not move around the 
Sun in total solitude. Its nearest neigh- 
bour or, rather its satellite in that never- 
ending journey through space, is the 
Moon. 

The ancients believed that the Moon 


possessed magic properties. To them, it 
was associated with success at the hunt, 
the harvest from the fields, victory in 
war, and even with health. They sang 
the praises of the Moon in poetry, bowed 
before it as to a god, and depicted 
it on the flags they took into battle. 
People observing the Moon have al- 
ways been amazed at the fairy-tale way 
in which it first grows from a thin cres- 
cent into a bright round disc, and then 
slowly wanes again until it has disap- 
peared completely. After a short time, 
this whole process is repeated —in fact 


it never stops. It occurred to people that 
the Moon could perhaps measure time. 
So they invented the calendar, by means 
of which they kept a count of weeks 
and months. 

Scientists calculated the distance 
from the Earth to the Moon long 
ago, when flight there was still just 
a dream. Was it very far away? If you 
made thirty globes, each the size of the 
Earth, and laid them all in a row, then 
the last one would touch the Moon. 

The Moon is comparatively small — 


fifty times smaller than the Earth. But it 
appears larger because it is closer to us 
than other celestial bodies. 

It turns around the Earth, and each 
month completes almost one revolu- 
tion. Therefore, it is not only the Earth 
that, as on a merry-go-round, spins 
around the Sun. The Moon, turning 
around the Earth, creates a second, 
smaller merry-go-round. The resulting 
effect is that of one merry-go-round in- 
side another — the Moon and Earth to- 
gether, and the Earth and Sun together. 
They never stop revolving. 
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The Planets 


Think of the Earth as being like a block 
of flats in space. We are the people who 
live in it. There are 200 flats in this 
“cosmic blocks” of ours—they are 
called countries. The largest of all is the 
Soviet Union. Others are slightly smal- 
ler, and there are even some so small 
that you can walk round them in a day. 

In a town, a group of several blocks 
of flats is called a housing estate. There 
are ‘“‘estates”’ in space too. One of these 
is called the Solar system. Everyone 
knows that the word “solar” means “of 
the sun”. The word “‘system”’ indicates 
the fact that in the vicinity of the Sun 
there is not just one cosmic block — 
our Earth ®s but several. These are all 
set out in a certain fixed order, like 
blocks of flats on a town estate. 

Apart from Earth, the Sun has eight 
other satellites, that is, eight other cos- 
mic blocks. These are called planets, 
and their names are Mercury, Venus, 
Mars, Jupiter, Saturn, Uranus, Nep- 
tune and Pluto. Together with the 
Earth, these form the basis of our Solar 
system. Like Earth, they do not stay 
still. Each of them moves along a fixed 
path around the Sun, and the nearer 
they are to it, the faster they move. 
Look at the picture of the Solar system. 
As you can see, Mercury is nearest 
to the Sun. Therefore it is very hot 
on that planet. The most distant one is 
Pluto. 


From there one can hardly see the 
Sun — it looks like a dull star. 

The Earth and its fellow satellites 
also differ from each other in terms of 
size. While Mercury is considerably 
smaller than the Earth, Jupiter is 
enormous. It is one thousand three 
hundred times larger than our planet. 

The planets nearest to the Earth are 
Venus and Mars. It is easy to distin- 
guish Venus from the stars in the night 
sky for, apart from the Moon, it is the 
brightest of all the luminaries. It is most 
clearly visible at dawn, and for this rea- 
son it is called the ‘“‘morning star’. In 
terms of size, Venus is almost identical 
to Earth. The temperature there, how- 
ever, is much, much higher. No one has 
ever been able to see the surface of 
Venus through a telescope or binocu- 
lars because it is always covered in thick 
clouds. 

Our second nearest neighbour is 
Mars. It shines in the sky like a small 
dark red star, about the size of a red- 
currant or cranberry. People have been 
interested in Mars for a long time. By. 
looking at it through telescopes, scien- 
tists have established that it is very like 
our planet. They have even considered 
the possibility of there being life on 
Mars, similar to that on the Earth. 

The Solar system consists of not only 
nine planets, but also their thirty-two 
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satellites. The Earth has the Moon as 
its satellite. Mars and Neptune have 
two each. Jupiter possesses the most of 
all, having sixteen satellites, some of 
which are larger than our Moon. Sev- 
enteen satellites revolve around Sat- 
urn, and fifteen around Uranus. Only 
three of the planets, Mercury, Venus, 
and Pluto, are completely solitary. They 
have no satellites at all. 

The Solar system also consists of sev- 
eral hundred comets, that is, celestial 
bodies which have tails, as well as about 
two thousand minor planets, or aste- 
roids and an innumerable quantity of 
meteorites. So, as you can see, the Sun’s 
“family” is vast in size! 
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Galaxy — the 

galaxy is what the 
ancient Greeks called 
the Milky Way, the 
band of brightness 
that crosses the 
whole of the sky. It 
can easily be seen on 
a cloudless night 
when the air is clean. 


Solar system — the 
Solar system is a large 
family of celestial 
bodies all held 
together by the Sun’s 
attraction. The 
family contains the 
major and minor 
planets, thelr 
satellites, comets, and 
meteorites. 


Planets — the 

planets are the 
largest objects in the 
Solar system (besides 
the Sun). They are, 
in order of distance 
from the Sun: 
Mercury, Venus, 
Earth, Mars, Jupiter, 
Saturn, Uranus, 
Neptune, and Pluto. 


The Earth and its Neighbou 


Pisces 


Scorpio 
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Zodiac — the 

Zodiac was the name 
the Greeks gave to 
the twelve groups of 
stars that the Sun 
and the planets seem 
to pass through 


during the year. The 
star signs of the 
zodiac were the first 
calendar and each of 
the twelve months 
was named after 


a Star sign. Taurus 
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The Galaxy 


We have likened the Earth to a block of 
flats and the Solar system to a housing 
estate. But is there such a thing as 
a “cosmic city’? If so, where is it? The 
answer to the first question is— yes, 
there is. It even has its own special 
name. 

Look up at the sky on a still, cloud- 
less night. It is scattered with stars. 
Some are bright, while others are barely 
noticeable; some are white or pale blue, 
and others slightly red or green in col- 
our. Right across the sky, like a river of 
milk, runs a wide, whitish belt of stars. 
The ancients called this mass of stars 
the GALAXY, a name which in English 
means MILKY WAY. This is our “‘cos- 
mic city”’. 

But are there any other “cities” in 
space? The ancients did not think so. 
However, time passed; the spyglass was 
invented, and following that, the tele- 
scope. Then scientists observed that 
there were in fact many of these bright 
nebulae like the Milky Way. So there 
are other “‘cities’—-other galaxies. 
The nearest cosmic cities to our own 


Cosmos — the 
cosmos is a world of 
small and large 
‘cities’ or galaxies. It 
contains all the stars, 
known and unknown, 
which mankind has 
studied, is studying, 


Galaxy are the Andromeda Galaxy and 
the Magellanic Clouds. 

All the cosmic cities together consti- 
tute the UNIVERSE. That is the Eng- 
lish word for it. However, the ancient 
Greeks gave the Universe another 
name: COSMOS. 

Within the Galaxy, there is a vast 
number of stars, our Sun being just one 
of them. But the other stars are very, 
very far away, much farther than the 
Sun. That is why they look so small. 

For a long time now, the stars have 
served a useful purpose to man. Sailors 
out at sea can determine the position of 
their ships by them when the shore is 
out of sight. Not only sailing ships 
orientate themselves by the stars; 
spaceships do too. When scientists send 
space probes to far-off planets, they fit 
them with instruments which help them 
to track down one particular star; like 
a guiding light, it will prevent them from 
losing their way. 

The stars serve some of us as a guide, 
while to others they are important be- 
cause they beautify the sky. Scientists, 
however, see the stars as mysteries 
which have to be unravelled. 


and will continue for 
many years to study 
in order to 
understand and 
exploit the cosmos 
for himself. 
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the Threshold 
of Outer Space 


By What Means Can 
One Fly into Space? 


People have always been attracted by 
the mysterious gleam of the stars and 
the vastness of the infinite sky. They 
have long dreamt of leaving the Earth 
and soaring high up in the sky like 
birds. The tale of the magic carpet in 
The Arabian Nights has been passed 
down to us, as have the myths of Icarus 
and Pegasus. Both the flying horse Pe- 
gasus and the magic carpet possessed 
magic powers which enabled them to 
transport themselves from one place to 
another in the twinkling of an eye. 
Those things happened in fairy-tales, 
however. There are no such magic 
powers in Nature. But there is another 
force—the force of gravity. Every- 
thing, everywhere, is affected by its pull. 
You cannot hide from it and nothing 
can protect you from its power. It is al- 
ways in operation, wherever you go. 


Throw a ball into the air. It flies up, 
although it has no wings, but soon it 
falls back down to Earth again. 

Place a small pebble on the palm of 
your hand. You can feel it pressing 
down. Turn your hand over and the 
pebble will fall to the ground. 

Water drips from a tap, a parachutist 
makes his jump, and a meteorite falls 
through the night sky leaving a bright 
trail of light behind it... All of these, the 
water, the pebble, the parachutist, and 
the meteorite, move downwards be- 
cause of the action of Earth’s gravity. 

It is hard to go upstairs or to climb 
a mountain. The pull of Earth’s gravity 
makes it difficult to move upwards. 

People have always envied birds. 
A bird simply spreads its wings, flaps 
them once or twice and then, gathering 
speed, soars up into the sky. Once it has 
reached a sufficient height it can rest, 
lightly gliding through the air on out- 
stretched wings. It can fly in any direc- 
tion, not keeping to a fixed path. 

Why cannot man be like the birds? In 
the past, there have been many dare- 
devils who have made wings and tried to 
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fly. But none of their attempts met with 
success. To be able to fly, man would 
need large wings which he could flap 
like a bird. The fact that Nature did not 
provide ,him with these did not, how- 
ever, deter him from finding a way of 
taking off from the Earth. 

You have no doubt noticed how 
smoke and warm air rise aboye a bon- 
fire. It occurred to people that some 
advantage might be taken of this. So 
they made a large balloon with a basket 
for passengers. They filled the balloon 
with smoke and it began to float up in 
the air. But as the smoke cooled, so the 
balloon would sink back down to the 
ground. To keep the balloon up in the 
air longer, a brazier of hot coals was 
built into the basket. Thus the balloon 
was constantly filled with hot smoke. 
But it still did not rise to a very great 
height, and it would only fly for short 
periods of time. 

Then instead of hot smoke, a light 
gas was used to fill the balloon, which 
subsequently floated in the air like 
a cork in water. A balloon like this 
could fly for a long time, but was very 
large and cumbersome. Moreover, its 
flight was entirely dependent on the 
wind; it would fly in whichever direc- 
tion the wind blew. That was not prac- 
tical. 

Once again people set their minds to 
work: “‘What can we invent to fly 
against the wind?” They invented the 
airship. They stretched strong fabric 
over a rigid wood and iron frame, and. 
the result was an enormous structure, 
shaped like a fish. Engines with propel- 
lers were attached to its underside, as 
well as a cabin for the pilot and passen- 
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Flying machine — an a child’s balloon and 
apparatus capable of the most complex, 
flying above the a space craft. 

Earth, the simplest 

example being 
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The Montgolfier 
brothers’ air 

balloon. In 1783, in 
this balloon, man 
flew up into the sky 
for the first time ever. 


After the victorious 


procession of the 
steam locomotive and 
steam ship came the 
conquest of the 

air. Aleksandr 
Fedorovich 
Mozhaisky, an 


officer in the Russian 
fleet, built the 
world’s first 

airplane. The pilot 
sat in a boat and 

the propeller was 
driven by a 

steam engine. 
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| gers. The gas with which the airship 
was filled lifted it upwards, and the 
engine drove it forwards. Now it was 
possible to fly in any direction one want- 
\y ed. If the pilot let in extra gas, the air- 
ship rose upwards, and if he let some 
out, it sank down. Then he had only to 
\¥ switch off the engines, and the airship 
¥ would stop and remain stationary in 
the air. But the airship also had its 
drawbacks. It was too large and flew at 
a very slow speed. 

Inventors and scientists did not stop 
trying to find new ways in which man 
might fly. Eventually, they invented the | 
aeroplane, a vehicle which is driven at 
high speed by a powerful engine and 
supported in the air by wings. 

The first aeroplanes were fragile and 
clumsy. It was difficult for them to take 
off, and they could not fly very high. 
They flew slowly and only in the vicin- 
ity of the airfield, and they also broke 
down frequently. In those days, people 
{ considered flight in an aeroplane to be 
a miracle. Like spectators at a circus, 
they looked on with awe. 

As time went by, planes were moder- 
nized. Now they can fly higher than the 
birds, faster than the wind, and to any 
corner of the Earth. 

It is pleasant and comfortable to fly 
on a modern jet plane. In the passenger 
compartment it is warm and restful. 
The plane does not seem to be in mo- 
tion, you feel that it is just standing still 
and rocking very slightly. But when you 
look out of the window you can see the 
Earth drifting by far below, in a pale 
blue haze. Only then do you actually 
realize that you are flying. 

Is it possible to go up by plane to 
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Rocket —a 

special flying 
machine. There are 
many different types 
of rocket, from the 
small ones used in 
firework displays to 
enormous space 
rockets. * 
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where satellites fly? No, it is not. There 
is a certain height above which planes 
cannot fly. As you already know, the 
higher up one goes, the less air there is. 
There comes a point where there is no 
air left to support the wings of the 
plane, and then the engine splutters, for 
it too needs air in order to function. 
Only a vehicle with a special engine can 
fly higher than this and reach the Moon 
or travel to other planets. 

Once again, scientists and inventors 
set to thinking about how such a vehi- 
cle might be made. What came to mind 
as a starting point was the firework rock- 
et, the sort that is let off at displays; it 
shoots up with a loud bang, and leaves 
in its wake a bright trail of light and 
a scattered rainbow of tiny, glittering 
stars. 

The firework rocket consists of 
a cardboard tube or cartridge filled 
with gunpowder. When the powder 
catches light it gives off a gas, which 
then accumulates and exerts pressure 
on the inside walls of the cartridge. The 
only way it can escape is through 
a small hole in the bottom. The jet of 
gas that shoots out through this open- 
ing pushes the rocket off from the 
ground and sends it up into the air with 
a bang. 

However, one would be wrong to 
imagine that such a rocket, even if 
made to a very large scale, could fly 
into outer space. 

An ancient Chinese legend tells of 
a wealthy Mandarin, Van Gu, who, 
wishing to fly, had the idea of using 
a bundle of firework rockets to this end. 
So he took a light bamboo chair and, 
having attached the rockets to it, sat 
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down in it. He then set light to all the 
rockets at once. The chair was lost in 
a cloud of smoke, and the Chinese 
Mandarin has never been seen since. 
Although firework rockets are not 
very powerful, they gave people the 
idea of building a new, special engine, 
by means of which one could not only 
take off from the Earth, but also fly up 
high above it, eventually entering outer 
space. This engine was, as a result, 
called the ‘‘rocket’’ engine. 
Nowadays, all sorts of rockets exist. 
The first to appear were military rock- 
ets called missiles. The Soviet army is 
equipped with these, as are the armies 
of other countries. If you have ever 
watched a military parade on television, 
you could have seen this formidable 
weapon. Some missiles are specially de- 
signed for shooting down planes, others 
for firing at trucks and tanks. Some are 
sea-launched and are deployed on spe- 
cial guided missile ships or submarines. 
The most powerful kind is the intercon- 
tinental ballistic missile. It can fly 
enormous distances, from one part of 
the world to another. It was the inter- 
continental ballistic missile that scien- 
tists chose to adapt for flight into space. 


The Construction 
of a Rocket Engine 


Wood crackles and burns in a stove, 
and the smoke from it escapes through 
a chimney. Air enters its furnace 
through a special opening, the grate, 
and ensures that the fire will not go out. 

The modern rocket engine is like 
a stove, but a special one. It is made of 
metal and built differently. 

But before we go on to talk about the 
rocket engine, consider this question: 
do you know what the very first engine 
was like. It was called the ‘water 
wheel”. This was an ordinary wheel 
with blades or scoops fixed to its rim. It 
was half submerged in a river and the 
current turned it. A wheel like this, with 
scoops, was used by the Ancients; they 
employed their first engines for irrigat- 
ing fields. 

Then a wind-powered engine was 
invented. This was also a wheel, but: 
a very small one. Long, wide wooden 
blades were attached to it, like the 
feathers of a fan. The new engine was 
driven by the wind. On hills and on 
high or open land, people began to 
build windmills, in which corn was 
milled. Some of these have survived 
to the present day. 

Both of these, the water- and wind- 
operated engines, are very economical. 
They do not have furnaces, and do not 
need fuel in order to function. But they 
are dependent on the weather. In 
a drought, when rivers run dry, or in 
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cold weather when they freeze over, wa- 
ter wheels will stop. Of course, the func- 
tioning of a wind-operated engine de- 
pends on the wind, which does not al- 
ways blow. 

Many years passed, and people 
invented a new engine, one operated by 
steam. In a steam engine, there is a fur- 
nace and a boiler. The furnace is stoked 
with wood or coal and then lit. The fire 
heats the water in the boiler, and when 
it boils, it turns into steam, which then 
escapes through pipes into the engine. 
Leading off from the engine are several 
iron arms, which press down hard on 
a wheel and turn it. 

The steam engine drove all sorts of 
machines, for example, steam ships that 
sailed along rivers, and steam locomo- 
tives that pulled carriages on rails. 
Indeed the very first aeroplane, built by 
A.F. Mozhaisky, also had a steam 
engine. 

The more coal the stoker shovels in 
to the furnace, the fiercer the fire will 
burn. The more steam there is, the fast- 
er a train or boat will move. However, 
the steam engine had its disadvantages. 
It was too large and cumbersome, and, 
like any giant, was also extremely 
greedy. 

The imperfections of the steam 
engine prompted the design of a new 
type. It was called the internal combus- 
tion engine, because its fuel ignites and 
burns inside the engine itself and not in 
a furnace. It is smaller and lighter than 
a steam engine because it does not have 
a boiler. It is also more powerful, as it 
uses better-quality fuel petrol or kero- 
sene. 

The internal combustion engine is 
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now used in cars, diesel locomotives, 
and motor ships. It was also used in aer- 
oplanes, but no matter how hard 
scientists and designers tried to perfect 
it, and no matter which fuel they used 
in it, the planes that were built with it 
could not fly faster than the speed of 
sound. To enable them to do this, 
another, more powerful engine was need- 
ed. Eventually, one was invented, and 
it was given the name “‘jet engine’. The 
gases in it reach a temperature of over 
a thousand degrees. It is made of very 
resistant metal so that it will not melt. 

Wood burns and crackles in a stove, 
fire rages in the furnace of a steam loco- 
motive, and scorching hot gases shoot 
out of a jet engine like a hurricane. 
Wood, coal, and kerosene all burn be- 
cause air enters the furnace with the 
fuel, and it is the air that supports com- 
bustion. But what about the rocket? It 
flies where there is no air! You might 
think that the simplest thing would be 
to fill its tanks with air. But scientists 
found a different solution. 

Air, as we know, is composed of 
three gases—nitrogen, oxygen and 
carbon dioxide, but of these, only oxy- 
gen supports combustion. As air con- 
sists of only one fifth oxygen, it would 
surely be better to use the pure gas in 
a rocket instead of air. Then its storage 
tanks would be five times smaller. But 
that is not all. If oxygen is cooled, it 
turns into a liquid, just as cooled steam 
turns into water. Liquid oxygen takes 
up even less space, so it can be con- 
veniently stored in a rocket. 

Now take a look at the drawing of 
the rocket engine. It looks like a wide- 
necked milk jug, does it not? The broad 
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part of the jug is the combustion cham- 
ber, and the neck is called the nozzle. 
There is no wood or coal in the com- 
bustion chamber. Kerosene is pumped 
into it instead. And in place of air, it 


When you want to light a stove, you 
fill it up with dry tinder and wood, and 
you hold a match to it. Then you see 
a small flame spreading over the logs. 
A rocket engine is “lit”, or, rather, ig- 
nited in a different way. When the com- 
mand “ignition” is given, the kerosene 


An engine like this 
was built under 
Academician 
V. Glushko and was 
used in the first 
space rocket. When 
the command for 
ignition is given, 
kerosene and liquid 
oxygen are fed into 
the combustion 
chamber. There they 
are atomized, mixed 
together, and then 
ignited. The 
kerosene, burning in 
the oxygen, gives off 
many gases. These 
escape through the 
nozzle which 
increases the engine’s 
thrust; the hot gas 
shoots out noisily and 
powerfully. This type 
of engine is only used 
in rockets, and is 
therefore called 
a rocket engine. 
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and liquid oxygen are fed through pipes 
into the combustion chamber. There 
they are atomized, mixed together, and 
then ignited by an electric spark. That is 
how this “‘stove”’ is lit. 

Then the rocket engine roars into life. 
A fountain of burning hot gases shoots 
from its nozzle and at the same time 
a constant stream of fuel is pumped 
into it. If an engine like this is attached 
to a rocket, it will carry it up into the air 
like the cartridge of a firework rocket. 
Now you can imagine the rocket as a 
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whole. At the bottom is the engine. 
Above that are huge tanks for the kero- 
sene and oxygen. The rocket engine is 
very greedy; within one or two minutes 
it consumes a whole tanker-load of 
fuel— not a bucket or a barrel, but a 
whole tanker of kerosene! The reason 
why a rocket is so large is that it needs 
such enormous tanks. The engine itself 
is small in comparison. At the top of 
the rocket, above its tanks, is the space- 
ship — the part which is to be sent into 
space. 


Destination — Orbit 


If you throw a stone, it will follow an 
arc as it flies through the air, and will 
then fall to the ground with a thud. The 
same happens to a cannon-ball fired 
from a cannon. The harder you throw 
the stone, the farther it will fly. The 
more gunpowder you put into the can- 
non, the farther the ball will go-—not 
only farther, but faster too. 

Now, imagine that you are standing 
on top of a high mountain. There, at 
the peak, you find just such a cannon 
plus some cannon-balls for it, and a 
supply of gunpowder. You have been 
appointed marksman. 

First of all, put in a little of the pow- 
der, then put a cannon-ball into the 
barrel and light the fuse, and — bang! 
the cannon goes off. The ball follows an 
arc in the air, then falls to the foot of 
the mountain with a plop. It does not 
move at a great speed, and the Earth’s 
gravity soon pulls it down. 

Now add a large quantity of gun- 
powder and fire once more. Because 
there is more powder this time, the can- 
non-ball flies farther and at a greater 
speed. If you increase the charge of 
gunpowder yet again, when you fire, 
the shot will travel so far that it will 
disappear over the horizon. But it will 
still fall to the ground. 

Add still more powder, and shoot. 

There will come a point when you 
will add a little more and fire again, and 
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the cannon-ball will fly right round the 
Earth. Then, whistling past above your 
head, it will disappear again into the 
distance. 

Where will it fall? Nowhere, in fact. 
Having overcome the pull of Earth’s 
gravity, the cannon-ball will simply 
keep on flying around the globe in a 
circle: this is called being in orbit. In 
other words, the ball will become an 
artificial satellite of the Earth. 

At what speed does a cannon- 
ball—-or a rocket—have to fly to 
escape the pull of Earth’s gravity? 
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Ballistics — 
ballistics is the 
science which 
explains the 
trajectories of 
missiles, rockets, and 
spacecraft. The word 
arose in ancient 
Greece, whose armies 
used machines called 
ballistas for hurling 
rocks and arrows. 
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Orbital Velocity 


Top runners can run at 7-11 metres per 
second, the fastest a human being can 
move on foot. Some collapse from 
exhaustion when they cross the finish- 
ing line, and even lose consciousness for 
a time. That shows how much strength 
is needed to run at such a speed. 

Cars have much more strength than 
human beings. They have powerful 
engines, therefore they can move consid- 
erably faster. A passenger train travels 
at about 25 metres per second, and a 
car ‘at. about 30. But in the same 
amount of time (a single second) a su- 
personic plane can fly almost one kilo- 
metre. 

To escape the pull of Earth’s gravity 
and put a spaceship into orbit around 
the Earth, a rocket has to reach a speed 
of eight kilometres per second. That is, 
it has to fly several times faster than the 
fastest plane. 

Start counting: one, two! Within that 
time a rocket can fly eight kilometres. 
Scientists call this speed “orbital ve- 
locity”’. 

How much fuel is needed for a rocket 
with a space craft to reach such a speed? 
A tanker-load? That is too little. Per- 
haps two? Still not enough! In fact it 
| takes the contents of a whole fleet of 
fuel tankers. 

If one poured all this fuel into gigan- 
tic tanks and fixed them into the rocket, 
it would still not be able to reach orbital 


velocity. The tanks themselves are huge 
and very heavy, and when they empty, 
they become superfluous cargo for the 
rocket. This means that, while it is driv- 
ing the spacecraft, the rocket is also 
driving the heavy tanks. In other 
words, its power is being wasted. What 
is the solution to this problem? 
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Steps into the Sky 


Imagine that you are planning to go on 
a long car journey, but that along the 
way there will not be any garages where 
you can stop and refill the tank. If you 
do not want to run out of fuel, you will 
have to take a trailer with you, or per- 
haps even two, loaded with cans of pet- 
rol, oil, and water. 

As the cans are emptied during the 
journey, it is better to throw them 
away, to avoid carrying an unnecessary 
load. When the whole trailer is empty, 
it can be uncoupled and discarded too. 
Without it, the car will be able to move 
more easily. 

A rocket requires a very large 
amount of fuel. A long journey lies 
ahead of it up into the sky and there is 
nowhere for it to refuel on the way. 
That is why a rocket is made up of 
“trailers”. Each of these is called a 
“stage”. 

The stages are placed one on top of 
the other. There can be two, three or 
four of them. For this reason, the com- 
plete rocket may be extremely tall. 

Each stage contains its own engine 
and fuel supply, the largest being the low- 
er, first stage. The tanks in this con- 
tain the most fuel and its engines are the 
most powerful, for they are the ones 
that will have to drive the entire rocket 
up into the air from a standing posi- 
tion. 

The second stage is smaller than the 


first, and the third is smaller than the 
second. At the nose of the rocket, 
attached to its final stage, is the space- 
ship; this is the part which will under- 
take the space flight. In comparison 
with the previous stages, it takes up 
very little room. 

The rocket is covered with a heavy 
metal shield, to protect it from the 
enormous air pressure that is generated 
as it flies up. This is called the “nose 
cone’. 

A rocket takes off using the engine of 
its first stage. When its fuel supply is 
completely used up, that stage, with all 
its tanks and engines, separates from 
the rocket and falls to Earth. As a re- 
sult, the rocket becomes lighter. Imme- 
diately after that, the engines of the 
next stage, the second one, ignite fol- 
lowed by those of the third stage. As 
each of these finishes its supply of fuel, 
it separates from the rocket. Once the 
final stage is completed, the spacecraft 
is in orbit. 

This kind of rocket, which enables a 
satellite to fly up into space “‘step by 
step”, as it were, was envisaged by 
Konstantin Tsiolkovsky. He called it a 
“rocket train”, for a rocket is like a 
train; each stage is a carriage, and the 
carriages are coupled to one another. 

Now multistage rockets are used by 
many countries. They are like stairways 
by which a satellite can climb up into 
the sky. It would be difficult to start a 
space flight without these steps. Once a 
satellite is put into orbit, it is able to fly 
for a long time without using a drop of 
fuel —as though it were coasting down an 
endless mountain slope. 

In the Soviet Union the multistage 
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Orbital 

velocity — the 

velocity which a body 
has to reach in order 
to overcome the pull 
of the Earth’s 
gravity. 


Orbital velocity can 
only be attained 
using multiple stage 
rockets. The first 
person to conclude 
this was the Russian 
Konstantin 
Eduardovich 
Tsiolkovsky. He even 
named his apparatus 
the rocket train. 


The third stage of 
the rocket. 

The second stage of 
the rocket. 

The first stage of the 
rocket. 
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The Soviet rocket 
and space technology 
designer, 
Academician Sergei 
Korolev. 


rocket was developed under Academi- 
cian Sergei Korolev. Such rockets have 
been used to send cosmonauts into 
space, and to put satellites and unman- 
ned space probes into orbit. 


On the Threshold of Outer Space 


058 


The Space Port 


A car pulls out of a garage, an aero- 
plane takes off from an airfield, and a 
ship leaves its berth. 

A rocket too has its ‘“berth’—a 
“space” berth, from which it starts its 
flight into space. This is known as a 
launch pad, and it is found in a place 
called a space port. 

Cars and planes are constructed in 
factories and then, in their completed 
form, they are sent to garages and air- 
fields. A ship is built in a dockyard, 
after which it sails under its own steam 
into the port, to its berth. 

A rocket is treated differently. Im- 
agine it standing on the launch pad, 
ready for take-off. It is as tall as a 
skyscraper. If you look up at the top of 
it, you grow dizzy. It is so enormous 
that neither a train nor an aeroplane 
could transport it. How, then, did it get 
here, on to the launch pad? 

Just like a car, plane or ship, a rocket 
appears first of all in the drawings and 
plans of its designers. According to 
these plans, the individual parts of the 
rocket, its stages, are made in factories. 
Then, they are sent, separately, to the 
space port. 

Space 
port — Baikonur is 
the space port where 
the first satellites of 


the Earth and space 
probes to the Moon, 


Venus, and Mars The ATB or 

were launched. The —_assembly-and-test 

first cosmonaut Yuri building is where the 

Gagarin took off into rockets and space 

space from Baikonur. probes are prepared 
before their launch. 
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The first satellite was launched from 


a port built in Kazakhstan. Now it is 
known to the whole world as Baikonur. 
Roads and railway lines lead from 
the town to the launch pads at Baiko- 
nur, where rockets and satellites are be- 
ing prepared for take-off. There are 
many roads, but we shall choose just 
one of them. It leads to the launch 
pad from which the Earth’s first satel- 
lite was launched and the first cosmo- 
naut, Yuri Gagarin, took off into 
space. Manned spacecraft are still 
launched from this pad today. 


Carrying a carrier 
rocket with a Soyuz 
spaceship to the 
launch pad. 


After an hour’s journey, the first 
small group of buildings appears. This 
is the maintenance area and it is here 
that rockets and spaceships are tested 
and prepared before being set up in 
their take-off position. 

The main building in the mainte- 
nance area is a very long, five-storeyed 
building. It is a kind of assembly plant 
and is called the ‘‘assembly-and-test 
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building’— ATB. for short. All the 
parts of the rocket, all its stages, are 
transported to the ATB by rail. In this 
building they are tested and then 
assembled. Here, the rocket appears in 
its completed form for the first time. 
Let us now go inside the ATB where 
it is warm, dry and clean. No dust, dirt 
or rubbish is ever allowed in here. 
From the ceiling of this building 
hang hooks which are attached to 
hoists. These hooks can easily transport 
the heavy rocket stages from one place 
to another. All around you, there is an 


incredible amount of equipment. Your 
eyes are dazzled by all the instruments, 
switches, buttons, and flashing lights. 
The rocket is completely enmeshed in 
snake-like plaits of wires and rubber 
pipes. 

The rocket assemblers and testers 
work with concentration, swiftness, 
and precision. There is no fuss or bus- 
tle. Each person has his own jot to do. 

A tester presses one of the buttons. 
Something clicks inside the rocket, then 
an electric motor roars into life. Nee- 
dies flicker on the dials of various instru- 
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ments, a light flashes, and a broken line 
flickers like lightning across the televi- 
sion screen. The tester smiles and gives 
the thumbs-up. Everything is working: 
the tests can go ahead. Nearby, a pump 
is working—phut, phut. It fills the 
tanks with air. Tests have to be carried 
out to check that they are sound and 
will not leak. 

The rocket obeys the tester’s orders 
one by one, in the exact order that it 
would carry them out during actual 
flight. 

Like attentive doctors, the testers 
sound the metal heart of the rocket 
over and over again. They check the 
stages, first separately and then to- 
gether, once the rocket is assembled. 
Only after that, when everyone is com- 
pletely convinced that it is in good 
working order, is the rocket allowed to 
leave the ATB. 

It is laid on a railway flat-car, on 
which an erector has been set up for it. 
The enormous gates of the ATB open, 
and, with the greatest of care, the rock- 
et is towed by a diesel locomotive to 
the launching pad. 

All around, you see nothing but 
steppe —flat, open land. This land- 
scape is broken by a strange structure 
which towers up in the distance. The 
closer you come to it, the more clearly 
you can see the huge, flat, iron and con- 
crete base, and above it, tall trusses of 
fine latticed metal, leaning at angles like 
the splayed fingers of a hand. 

This is the launcher, from which the 
rocket’s flight will begin. The base of it 
is called the launch pad, it is enormous, 
almost the size of Red Square in Mos- 
cow. 

One end of it rests on the flattened 
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This is a view of the 
erector of the 
carrier-rocket with a 
Soyuz spaceship on 
board. In the distance 
you can see the shape 
of the support 
gantries from which 
manned space craft 
are launched. 


In early spring the 
whole of the steppe 
around Baikonur is 
covered with these 

multicoloured wild 

tulips. 


top of a slight slope, whilst the other is 
supported by two sturdy legs or co- 
lumns made of iron and concrete. In the 
centre of the launch pad there is a huge 
hole, into which the tail-end of the rock- 


et is placed before take-off. A concrete 
gutter runs from beneath the base of 
the rocket to the foot of the slope. When 
the rocket engines ignite, billows of 
smoke and fire run along this gutter. It 
is called the exhaust gas duct, for it con- 
ducts hot gases away from the rocket. 

The diesel locomotive and flat-car 
slowly approach the launch pad. They 
stop at the very edge of the shaft, and 
the mighty clips of the erector carefully 
lower the tail-end of the rocket into it. 
Then, following an inaudible com- 
mand, four gigantic metal trusses (the 
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support gantries) suddenly rise up and 
clasp the sides of the rocket to support 
it. 

Then other trusses start to move. 
They rise up slowly, and then they too 
attach themselves to the rocket. On 
each of them there is a large number of 
shelves or floors. One of them is even 
fitted with lift, which can take people to 
any floor and even to the very top of 
the rocket, so that it can be inspected 
and tested once more before take-off. 

Now it is time to fuel the rocket. 
Large hoses are attached to the bottom 
of the rocket tanks, and pumps begin to 
fill them with kerosene from the storage 
depot. 

At last the fuelling is finished. A bus 
drives the cosmonauts to the rocket. 
After a brief farewell, they get into the 
lift which takes them to the top. There, 


they enter the ship and close the hatch 
behind them. The trusses with the 


shelves or floors and the lift then 
move away from the rocket. A com- [ 
mand is heard over the launch pad: 

“Support team requested to leave the 
take-off area.” 

Upon this command, all those who 
have been preparing the rocket with- 
draw to a safe distance. 

The rocket is alone now on the 
launch pad. Its pointed tip is aimed at 
the sky —at outer space. 


This is the view from 
the service cabin for 
the tail-end section of 
the Soyuz carrier 
rocket of the gantries 
which support the 
rocket and the 
spaceship until 
jaunch. 
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Key to the Sky 


In fact the rocket is not yet quite alone. 
Thick plaits of wires connect it with the 
underground control centre, which is 
not far from the launch pad. This is 
called the bunker. 

In front of the operators there are 
control panels and equipment banks 
displaying a large variety of instru- 


ments, flashing lights, signs, switches, | 


knobs, and buttons. A light come on, 
then a sign is illuminated: 

‘Ready for take-off.” 

The rocket and spaceship undergo a 
final check. 

Now there are only minutes left to 
take-off. But the rocket will not leave 
the ground until the operator is given a 
key, much like the sort that opens an 
ordinary lock. Only when this is put 
into the keyhole and turned will the 
rocket obey the commands it receives. 

The operator is handed the key 
which he puts into the lock and turns. 
With this key he is, as it were, opening 
up the way into the sky. 


There are three space 
ports in the Soviet 
Union, and carrier 
rockets leave from 
them night and 

day. Nearly a hundred 
satellites, space 
probes, and manned 
space craft are 
dispatched each year. 


Then a command is sounded on the 
launch pad: 

“Key for launch!” 

Now everything is working on auto- 
matic. The operator simply watches 
that the orders are carried out correctly. 

The clock ticks steadily, counting off 
the seconds. At the precisely designated 
time, a computer gives the command: 

“Ignition!” 

Powerful pumps start to drive kero- 
sene and liquid oxygen from the rocket 
tanks into the combustion chambers. 
There is a flash as an electric spark ig- 
nites the fuel. Then a roaring jet of flames 
shoots out through the nozzles of the 
rocket engines. 

The noise increases, like the sound of. 
an avalanche. The rocket stands shroud- 
ed in fire and smoke, awaiting the 
final command. It seems to tense up; it 
will shoot away at any moment now. 

“Start!” The order from the loud- 
speakers resounds above the roar of the 
engines. 

Then, as if from the mouth of a bub- 
bling volcano, the snow-white rocket 
slowly climbs into the sky. 
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On the Way 


O 
Outer Space 


From Earth 
into Space 


The rocket climbs slowly at first, then 
gathers speed. Now it is being guided by 
the automatic control unit, which keeps 
a close check on its flight. turning at the 
correct times and not allowing to devi- 
ate from its path. 

Down below, a jet of fire roars from 
the base of the rocket; its first-stage 
engines are now in operation, driving it 
farther and farther from Earth. 

At last, the automatic control unit de- 
termines that the first stage is exhausted 
and that its tanks are empty. They 
have now become an unnecessary load 
and, as a result, the first stage separates 
from the rocket and falls to Earth. At 
the same time, the engines of the second 
stage are started up automatically. The 
flight continues, with inaudible com- 
mands being made one after the other: 

“Separate second stage!” 


“Fire third-stage engines!” 

“Rocket nose down!” 

The rocket is now no more than a 
tiny, twinkling dot, barely visible. Fi- 
nally, it disappears from view. 

However, although it is out of sight, 
an invisible thread still connects it to 
the space port. The control centre re- 
ceives information over the radio about 
the operation of the engines and the on- 
board instruments, and also about how 
the cosmonauts are feeling. Everyone in 
the control centre knows how the flight 
of the rocket is going. The radio is that 
connecting thread or invisible eye, 
which helps them to keep track of the 
rocket. 

Dotted around the space port are 
small groups of buildings called instru- 
mentation centres. From their roofs, 
huge antennae stretch up to the sky, 
thus marking these buildings out as ra- 
dio stations. Just look at these anten- 
nae! Some resemble plates and some are 
spiral-shaped, while others are con- 
cealed beneath round domes l|ike large 
globes. Each points in the direction of 
the rocket, carefully following its flight. 
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You may wonder why there are so 
many antennae on top of these instru- 
mentation centres, when there is only 
one rocket. It is true that there is only 
one. But there are many engines, vari- 
ous instruments, and pieces of equip- 
ment on it. It is only possible to find out 
by radio whether each of them is work- 
ing properly. That is why the instru- 
mentation centres include radio sta- 
tions which use different antennae. 

A steady flow of information passes 
from the instrumentation centres to the 
control centre: 

“100 seconds. Flight steady.” 

“130 seconds. Combustion chamber 
pressure normal.” : 

“Nose cone released.” 

Finally, the automatic control unit 
determines that the rocket has flown to 
the required height and reached orbital 
velocity. Then it makes a major com- 
mand: 

“Switch off engines.” 

The engines fall silent. The spaceship 
separates from the final stage and be- 
comes a satellite of the Earth. Now it 
is flying by itself, without the help of 
the rocket. The final stage of the rock- 
et flies next to the spaceship; it too has 
become a satellite. 

In the space port, the following re- 
port is passed from the instrumentation 
centre to the control centre: 
“Spaceship now in orbit.” 
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After the first stage, 
with its four thrusters 
linked side by side, 
has exhausted its 
fuel, it becomes 
unnecessary, indeed, 
extra baggage. It is 
separated from the 
rest of the rocket and 
the space craft is 
taken further into 
space by the second 
stage. When the 
rocket passes beyond 
the confines of the 
denser layers of the 
atmosphere, the 
jettison engine and 
launch escape system 
also become 
unnecessary and so 
they are separated 
from the rocket. The 
same fate awaits the 
second stage when it 
exhausts its fuel. It 
falls to the Earth 
after separation. It is 
only the third stage 
which achieves orbital 
velocity and places 
the spaceship in 
orbit. 
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The Vice-Like Grip 
of an Invisible Force 


The rocket shoots upwards, gathering 
speed. The noise of its engines increases 
and can be heard in the cabin of the 
spaceship. Now the cosmonauts begin 
to sense a kind of weight pressing down 
on them. They radio a message to 
Earth: 

“Rocket flight normal. We feel fine. 
G-load increasing.” 

What is g-load? Can one experience 
it without going into outer space? It 
appears that one can. 

Imagine that you are in a car. It 
starts to move and begins to pick up 
speed. As it does so, an invisible force 
gently pushes you in the chest, forcing 
you back against the seat. That is a g- 
load. 

Remember the merry-go-round. As it 
turns, your body grows heavy; that 
again is a g-load. The faster the merry- 
go-round turns, the stronger that force 
becomes. 

When. an aeroplane abruptly pulls 
out of a dive, its pilot is overpowered by 
an invisible enemy, whose vice-like grip 
mercilessly squeezes his body and pins 
him back hard against his seat. Only 
a strong person who has been trained is 
able to fly in modern aeroplanes and 
spaceships. 

G-loads occur at various times, 
when, for example, you accelerate or 
brake —so you do not have to travel in 
a rocket to experience it. It is true, 


though, that if you are travelling by 
train or car, or riding on a merry- 
go-round, the g-load will be minimal 
and you will not always notice it. 

However, it is very strong in an 
aeroplane pulling out of a dive, in a 
rocket taking off, and in a space cap- 
sule during re-entry. 

The faster the acceleration, the strong- 
er g-load is. “G-load increasing’’ is 
what a cosmonaut says when this hap- 
pens. A man affected by g-load feels as 
though his body weight has increased 
several times over. He cannot move his 
hand, for it seems as though a heavy 
weight had been tied to it. It is difficult 
for him to speak because his tongue 
feels heavy and he cannot open his 
mouth very easily. His sight deterio- 
rates, too. In fact he can lose conscious- 
ness and even die if the g-load is very 
great. 

The cosmonauts sit in high-backed 
reclining seats so that they can more 
easily endure g-load, which operates dur- 
ing both the launch of the rocket and 
the descent of the spaceship. Thus, 
when taking off and also when leaving 
orbit, they are in a half-lying position. 
Beneath their hands, on the arm rests, 
there is a selection of buttons. The cos- 
monaut can feel them beneath his fin- 
gers and, without having to lift his 
hand, can press one of them, switch on 
the radio transmitter, and carry on 
a conversation with Earth. As far as it 
is possible, routes into and out of space 
are specially planned to ensure that the 
rocket will not fly at too steep an angle; 
this protects the cosmonauts from the 
effects of g-loads. 

To be able to tolerate a g-load, you 
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must be physically strong and you have The reclining seats in 
to do a great deal of training to strength- a spaceship make it 
en your muscles. Therefore only healthy easier for cosmonauts 


and robust people are taken on as tovcope ithe toad. 


pilots and cosmonauts. 
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What if There Should 
be an Accident? 


The rocket takes off and its pointed 
nose has already pierced the clouds 
when the roar of the engines suddenly 
dies. The rocket has stopped mid-way 
in its take-off, as though it has hit an 
invisible obstacle. 

There has been an accident. An un- 
foreseen and irreparable breakdown 
has occurred in the rocket. The auto- 
matic control unit has re-closed the 
pipe through which fuel flows out of 
the tanks. That is why the engines have 
cut out. 

In a few seconds, the rocket will stop 
and plummet down towards the Earth, 
somersaulting wildly. It will catch fire, 
its metal skeleton warping and melting 
with the heat. Everything will be burnt 
out. 

How can the cosmonauts be saved? 
They are bound to die. 

No, for as soon as the automatic con- 
trol unit determines that the rocket can- 
not fly any farther, the part that is on 
fire separates from its tip. Spurting 
scorching hot gases, it then flies some 
distance away from the rocket before 
making a smooth, safe landing. 

In fact, should an accident occur, 
there is a recovery system provided for 
the cosmonauts. Their capsule is fitted 
with solid propellant rocket motors. As 
soon as the automatic control unit dis- 
covers a fault threatening the lives of 
the cosmonauts, it separates the capsule 


from the rocket and, starting up these 
motors, removes it to a safe distance. 
Then, when the motors have stopped, 
a parachute opens up into a white and 
orange dome. The cosmonauts and 
their capsule will be saved. 
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A Path in Space 


Once a rocket has flown to a very great 
height, its engines stop. The satellite 
then separates from it and finds itself 
alone in space. It has gone into orbit, 
that is, it has set off on a path in outer 
space. What kind of a path is it? What 
does it look like? 

If a satellite could leave a trail behind 
it as it flies through the sky, then that 
trail would look like a huge circle, with 
the Earth at its centre. 

Now let us take a look at the Earth 
from a satellite. Beneath us is the round- 
ed face of the Earth. We can see 
a great deal of its surface in one go, tak- 
ing in whole countries at a glance. It is 
as if a living map of the world had been 
unfolded beneath the satellite. 

Down there is a huge lake, blue and 
clear, and a river flowing into it like 
a thin, winding thread. All around it are 
green forests and rectangular fields, 
some ploughed, while in others crops 
are growing. 

A minute later, all that has gone by. 
Now, down below, there is an 
unbroken patch of yellow—a desert. 
Then the yellow turns into pale blue; 
the satellite is flying over the ocean. It is 
moving at a very great speed, faster 
than the fastest plane and faster than 
a bullet or missile. Now half an hour 
has gone by, and during that time the 
satellite has managed to fly right 
around the Earth. In other words, it has 


completed one revolution or circuit. At 
this point, we expect the lake that we 
saw at the beginning of the circuit to 
appear again. But what is this? Down 
below is a completely different place. 
Where has the lake gone? The satellite 
has not deviated from its flight path. It 
has not altered its orbit. 

We have already mentioned the fact 
that the Earth does not remain still— 
do you remember? It turns slowly on its 
axis and at the same time the satellite 
orbits around it at great speed. As a re- 
sult of the Earth’s movement during the 
satellite’s circuit of it, the lake now lies 
far away to one side and not directly 
below as before. 

Every time the satellite orbits the 
Earth, it flies over different places, so 
that over a period of time it is possible 
to see the entire globe from it. You can 
even see your home town or village. All 
you have to do is wait, and the Earth 
will show it to you. 
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Satellite, Where 
Are You? 


The following piece of information is 
passed from the instrumentation centre 
to the control centre: 

“Engines off. Satellite separated 
from final stage and now in orbit.” 

“Now in orbit.” But what kind? For 
a satellite can have various orbits — 
circular, oval, low or high. How can 
one determine the kind of orbit it has 
entered? 

You cannot stretch a piece of string 
from the Earth to a satellite, to measure 
the height at which it is flying. You can- 
not always see it through a telescope, 
either. Clouds, fog, or the dazzling light 
of the sun obstruct your view. More- 
over, the satellite may be beyond the 
horizon and therefore completely out of 
sight. 

The satellite has a radio receiver and 
transmitter so that the control centre 
can establish where it is flying and 
maintain contact with it. As it orbits the 
Earth, it sends out radio signals in all 
directions: ‘Beep! beep! beep! This is 
where I am flying!” 

On Earth they are already waiting. 
The enormous dish-shaped antennae of 
the radio stations point to the sky. As 
the satellite appears over the horizon, 
sensitive radio receivers pick up its sig- 
nals. At precisely the same moment, the 
antennae begin to transmit signals from 
Earth to the satellite. An invisible link, 
like a bridge, has been formed between 


You encounter all 
sorts of things in the 
highways of 

space. This is a 
picture of hurricane 
Rita taken by 
cosmonauts aboard 
the Salyut-6 space 
station. 


the satellite and Earth, and signals run 
back and forth across it. In this way, 
the control centre can establish at what 
height and in which direction the satel- 
lite is flying. In other words, they can 
determine its orbit. 
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Orbit — an 

orbit is a path 
calculated using the 
science of ballistics 
for the trajectory of 
a Satellite. Each 
satellite has its own 
path, its own orbit. 


Who Calculates Orbit? 


The trajectory of a rocket is worked out 
by ballisticians. Anyone who has read 
The Adventures of Chippolino * will no 
doubt remember how Chippolino and 
his friends, trapped in a beseiged castle, 
lamented the fact that they knew noth- 
ing about ballistics. What exactly is bal- 
listics? It is the name given to the 
science of the flight of missiles. 

This word was originally coined by 
warriors of ancient Greece. Their army 
was equipped with devices which fired 
stones and arrows. These were called 
ballistites. Later on, new, more modern 
weapons were invented. Cannons, 
guns, and rockets appeared. The people 
who calculate the flight paths of bullets, 
missiles, and rockets, or the orbital | 
paths of satellites, came to be called 
“ballisticians”’. 

A thorough knowledge of space bal- 
listics is essential in order to put a space- 
craft into orbit, to bring about a suc- 
cessful flight to the Moon, Mars or 
Venus, or to recover a spacecraft — 
that is, effect its safe return to Earth. 
People who work in the field of space 
ballistics are qualified in mathematics, 
astronomy, mechanics and_ other 
sciences. 


* Chippolino—a hero from a story by 
J. Rodari. 
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Tracking 
station — satellite 
tracking station helps 
calculate its orbit. If 
necessary it can 
transmit commands 
to the satellite to 
change the path it is 
following. 
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The Earth’s ‘‘Hands’’ 


The reason a satellite is put into space is 
not to make people gasp with surprise 
at how high and fast it is flying; it is 
sent there to work. Using a satellite it is 
possible to find out where a forest is dis- 
eased, whether lake and river water is 
pure, where useful mineral resources 
are to be found and what they are, and 
much more besides. 

Here is an example of the satellite’s 
work. Some photographs are required 
of Lake Baikal as seen from outer 
space. A satellite is fitted with a camera 
and put into orbit around the Earth. It 
would appear that the rest is simple. 
The camera needs to be turned and 
pointed at the lake at the correct times, 
and its shutter button has to be pressed. 
But how can this be done? You cannot 
reach out and touch the satellite with 
your hand. Engineers solved this prob- 
lem by making the camera radio- 
operated. 

The satellite is still over Moscow, but 
ballisticians have already worked out 
exactly when it will fly over Baikal. 
Now it is all up to the radio operators. 
As the satellite nears Lake Baikal, the 
instrumentation — centre antennae 
transmit orders to the satellite, one 
after the other: ‘Point camera down- 
wards. Press shutter button. Take 
another picture.” 

Of course, these orders are not 
transmitted in words as the satellite 
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could not understand them. Words are 
replaced by a series of short radio sig- 
nals. These are received in the satellite 
by special instruments to which auto- 
matic devices are connected. 

The antennae transmit an_ order: 
“Switch on camera!” A series of radio 
signals crosses the invisible bridge to 
the satellite. A receiver picks them up, 
amplifies them, and then transmits 
them to the automatic devices. These 
clever machines instantly decode the 
message and then—click! —they 
press the shutter button. 

The transmitters and antennae which 
send orders to the satellite are the 
Earth’s “hands’—invisible hands 
which can reach out a long way. 
Thanks to them man can control the 
work of satellites. Now we can add the 
word “‘control” to the name ‘“Instru- 


mentation Centre’. Instead of IC, we 


now have ICC—Instrumentation 
Control Centre. 


This is the 
radiotelescope in the 
Crimea. It helps 
people maintain 
communications with 
space probes which 
study the other 
planets, comets and 
the distant cosmos. 


AN A—Z OF COSMONAUTICS 


On the Way to Outer Space 


088 
The ICC and the FCC 


The radio operators who work in 
Instrumentation Control Centres — 
places from which satellites are 
tracked —keep watch day and night, ee oe 
adjusting the aim of the skyward- en? reraton mare 
pointing radio antennae. As soon as the 
satellite appears over the horizon, they 
enter into conversation with it. 

The first question a doctor asks a pa- 
tient is how he feels. The first question 
that the radio operators in the ICC ask 

| a satellite is whether its instruments are 
functioning correctly. Then they moni- 
tor the height, speed and direction of 
the satellite’s flight, find out what it has 
seen and heard along its way, and give 
it instructions. 

The ICC has many tasks and very lit- 
tle time in which to perform them. The 
radio operators see and hear the satel- 
lite for no more than 7-8 minutes and 
then it disappears again over the hori- 
zon. During this short time, the ICC 
has time to ask it only a few questions 
and it often does not have time to hear 
the answers to them. 


FCC stands for Flight 
Control Centre. It not 
only controls the 
flight and the 
cosmonauts in space, 
it also supervises all 
the earth stations 
that help during the 
flight of spaceships 
and space stations. 
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What is to be done? It seems that 
a large number of ICCs is needed. 
Then, as in a relay race, one could hand 
the satellite over to the next, thus keep- 
ing in constant contact with it. These 
centres are being built in various parts 
of the Soviet Union, to the north, 
south, east, and west. But there are still 
not many of them. 

When a space station was sent to 
Venus for the first time, it became clear 
that an ICC was needed in the Atlantic 
Ocean. Consequently, it was decided to 
send a special ship, equipped with radio 
stations, out into the ocean—a float- 
ing ICC. However, since the Earth’s sur- 
face consists of three times more sea 
than land, more than one of these was 
required. Now a whole fleet of ves- 
sels has been built, with the Kosmo- 


navt Vladimir Komarov as flag ship. 

Thus many ICCs have been set up all 
over the Earth’s surface in order to 
control satellites, to give them their 
orders on time, to check that they are 
functioning correctly, and to determine 
their orbit. The people who work at 
these centres are scientists, engineers, 
and technicians. 

The work of all these people has to 
be very clearly set out so that it can be 
done according to schedule. Then the 
ICCs can keep satellites under very 
close observation and can make com- 
mands and receive answers without 
confusing or hindering each other. How 
can this be done effectively? 


A radio station for 
the Long-Distance 
Communications 
Centre. 
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Communication 
satellite — 
communication 
satellites provide an 
invisible bridge along 
which signals to and 
from the flight 
control centre and 
the spaceships can 
travel. 


It was decided that a special Flight 
Control Centre should be built — 
FCC, for short. The function of this 
would be to keep a close check on the 
behaviour of all satellites, and to deter- 
mine the order in which the ICC’s 
should work. 

The Flight Control Centre is housed 
in a large, light building with many 
rooms of different sizes. Here is one of 
the larger ones, called the computer 
room. The machines in here do not 
crash and bang as most machines do — 
they are completely silent. They are all 
enclosed in cabinets on the outside of 
which there are many flashing lights, 


The ship Kosmonavt 
Vladimir Komarov 
can control satellites 
in mid-Ocean. 
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buttons, knobs, and switches. Within 
a few minutes they can work out prob- 
lems so complicated that a man could 
not even solve them in a year. These 
machines— electronic | computers — 
have a responsible job to do. They help 
people to control satellites. 

Now let us go into the main room of 
the FCC. We immediately notice 
a large screen which covers one whole 
wall. A colourful map of the Earth is lit 
up on it. Across the whole of this runs 
an illuminated curved line — this is the 
satellite’s flight path. A bright dot, also 
lit up, slides along that line. This mov- 
ing spot of light indicates where the 
satellite is at any given moment. 

All around the room are desks, on 
each of which is a television, though of 
course not the sort on which you can 
see cartoons, hockey matches, or the 
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Docking —Soyuz 
spaceship approaches 
to dock with the 
Salyut-7 station. 
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Orbital 


Spaceships and 


Space Probes 


Exploring Outer 
Space 


For a long time, people dreamt of find- 
ing out what was happening far away in 
outer space, far away from the Earth. 

Then, at last, their dream came true. 
On 4th October 1957, the Earth’s first 
artificial satellite was launched from the 
Soviet Union. After overcoming the 
pull of Earth’s gravity, it went into 
orbit. As it circled the Earth, it gave out 
signals: ““Here I am! This is where I am 
flying!” The launch of this satellite 
marked the beginning of the history of 
space flight. 

The first satellite, however, could not 
be used to answer the question of 
whether it is possible to live in space. 

Almost a hundred years ago, Kon- 
stantin Tsiolkovsky, known as _ the 
father of cosmonautics, wrote in his 
books that when a man finds himself in 
conditions of weightlessness, dizziness, 


a rush of blood to the head, and other 
serious disturbances to the body may 
occur. But Tsiolkovsky was sure that 
living creatures, including Man, could 
adapt to life in such conditions. To 
prove this, dogs were trained for flights 
into space, and when a second satellite 


went into orbit it had a passenger on 


board. That passenger was called 
Laika. A special capsule was built for 
her, containing a supply of air, water 
and food. Her health and behaviour 
were monitored by instruments on 
board the satellite. 

After Laika, other four-footed explor- 
ers were sent into orbit—the dogs 
Belka and Strelka, Tchernushka and 
Zvyozdochka, as well as white rats and 
mice. They all survived the unusual 
conditions of space flight and returned 
to Earth safe and well. Thus scientists 
satisfied themselves that living crea- 
tures can exist in a state of weightlessness, 
although only for a limited period. But 
what do they experience during that 
time? Do they feel well or ill? 

Scientists remember the case of a dog 
called Smely. She was being trained for 
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The first artificial 


satellite of the Earth (ree 


was launched on 4 
October 1957. 


a second flight into space. She went 
through all the necessary procedures, 
all the repeated training, but on the 
evening before take-off, she ran away 
into the steppe. Perhaps, recalling her 
first flight, she did not wish to make a 
second one! 

Further questions arose. How long 
can one live in conditions of weightless- 
ness? What should a “‘cosmic house” be 
like? Above all, is it possible to work in 
space? Only a person who has actually 
been in orbit can answer all these ques- 
tions. 


Sputni 


The second artificial 
satellite was launched 
on 3 November 1957, 
this time with the 
first passenger, a dog 
called Laika. 
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Sputni 


The third Soviet 
satellite contained the 
first orbital 
laboratory and was 
launched on 15 May 
1958. 


The first space 
traveller — the dog 
Laika. 


Satellite — a 
satellite is a device 
which is freed from 
the gravity of the 
Earth by the strength 
of a carrier rocket 
and begins to orbit 
the Earth, Moon, 
Sun, or other planet 
in the Solar system. 


Sputni 
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The First Cosmonaut 


What kind of person should be first on 
the list to fly into space —-a doctor, a 
sailor, an engineer or a pilot? 

For a long time, illness has been con- 
sidered one of the greatest dangers to a 
human life. But however serious our ill- 


The Vostok spaceship 
was the first, very 
small, home in 

space. It had enough 
room for one person 
to live and work. 


ness may be, we always have doctors to 
help us. Often, they risk their own lives 
in order to save the sick. Some have 
even specially infected themselves so 
that they could test new medicines and 
find out how to cure people. That is 
why doctors believe that a person who 
tries out space travel should first and 
foremost possess medical skills. 
Submariners were as eager as doctors 
to press their case. Because they sail for 
extensive periods, they are accustomed 
to living and working in the cramped 
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conditions of their submarines for a 
long time, and with a limited supply of 
air. They know how to plot routes 
underwater, where there are no stars, 
Sun or Moon. Therefore they should be 
the first choice for testing spaceships. 

Space engineers cannot boast of such 
wide experience. But on the other hand, 
they are the people who designed’ the 
first spaceship and they are familiar 
with the construction of these craft. No 
doubt they have often dreamt of trying 
them out, too. 

However, the people most suitable 
for realizing this dream turned out to be 
military fighter pilots. They fly at great 
heights wearing protective suits, are fa- 
miliar with g-loads and weightlessness, 
and know how to parachute. The first 
people to be trained as cosmonauts 
were just such pilots, and the very first 
of these was Yuri Gagarin. 

He took off from Baikonur space 
port on 12th April 1961 in the space- 
ship Vostok. He described how, from 
outer space, the Earth appears very 
small, though it is clearly visible. All 


The first cosmonaut 
from this planet, Yuri 
Alekseevich Gagarin, 
before his space 
> flight. 
around, there is complete silence, 
except for the sound of the radio crack- 
ling in your headphones. Weightless- 
ness does not, then, affect eyesight or 
hearing. 

What if you try to write? Will you 
grow dizzy or your thoughts become 
confused? When Gagarin picked up the 
ship’s log book and a pencil, he had to 
hold them tighter than usual to prevent 
them from floating away. Opening the 
log, he began to write and found that, 
though a little awkward, it was not too 
bad. He was able to put down the 
words correctly and make a note of all 
that he saw and thought. 

Yuri Gagarin flew just once around 
the Earth. That was how it had been 
planned, for at that time nobody knew 
how a human being would feel when in 
orbit. His flight opened the way into 
space for mankind. 
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The Cosmic House 


The spaceship Vostok was the first 
“cosmic house’. It was very small— 
only one person could live inside it. 
How might people feel flying into space 
in twos or threes instead? To find out, 
the ships Voskhod and Soyuz were 
built, and it was discovered that in 
outer space, just as on Earth, it is more 
fun and more interesting to work in a 
group. But for that a spacious “‘house”’ 
was needed. Now one has been built; it 
is called the orbital space station Sa- 
lyut. 

This is a special house, because it can 
fly above the Earth, ascending or de- 
scending as required. Its metal body pro- 
tects the cosmonauts from harmful cos- 
mic rays. There are three separate 
rooms in the station, each isolated from 
the other by strong doors or hatches 
which close very tightly. These rooms 
are called modules. 

When we open the front door of any 
house or flat, we first of all come into 
the hallway. There is a hallway in a cos- 
mic house, too. It is called the transfer 
module because it is crossed to go into 
either the work module or the spaceship 
Soyuz. Furthermore, through a side 
hatch in the transfer module, the cos- 
monauts can go outside into space. 
Cables, space suits, instruments, and 
devices are stored here for this purpose. 

From the hallway of a house we 
usually come into the living room, 


bedroom, kitchen, and other rooms. In 
future cosmic houses there will also be 
many separate rooms, but for the pre- 
sent, on Salyut the dining room, bed- 
room, and even the “gym” are all in 
one big room. This, the work module, is 
situated in the centre of the station and 
comprises several fully-equipped work 
areas. From one of them, the cosmo- 
nauts can look through windows and 
carry out observations of the Earth. In 
another they conduct various experi- 
ments by means of the Sun and stars. 
The third is the “‘pets’ corner’, where 
live insects and small fish are kept. Here 
there is also.a small garden with flowers 
and other plants. 

It is warm in the work module, and 
everything necessary for the life and 
work of the cosmonauts is provided 
there. Later on, we shall talk about how 
they live and work. But in the mean- 
time, let us have a look at the central 
control post. 

This looks like the cockpit of an aero- 
plane, having several large control panels 
on which there is a great variety of but- 
tons, instruments, lights, and illuminat- 
ed signs. In front of these panels are 
two seats, from which the cosmonauts 
control the station. They press some 
buttons and the rocket engines start up; 
a slight tremor goes through the walls 
of the enormous station and it begins to 
turn slowly. A few moments ago, 
through the window, the Earth had 
been visible to the left. Now it is on the 
right. From the control panel, the cos- 
monauts can check that all the instru- 
ments are working correctly, and, 
switching on the transmitter, they can 
talk with the FCC or the ICC. Here at 
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Module — a 

place in a spaceship, 
sea ship, or aeroplane | 
for day-to-day living 
and work. 
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module — transfer 
because a cosmonaut 
goes from it through 
a lock either into the 
working cabin of the 
Salyut station, or 
into a Soyuz 
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spaceship, or via a 1. Rendezvous 
side lock into open system antenna 
space. 2. Work module 
3. Bicycle 4. Sleep- 
ing area 5. Waste 
disposal unit 
6. Space unit 
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7.Transfer 
module 8. Central 
control post 

9. Exercise 

machine 

10. Scientific equipment 
11. Engine module 


AN A—Z OF COSMONAUTICS 


105 


“OMT SET yeYM 19}}9q 
puejsiopun 0} nod dyjay [fIM 1 “YOM 
pue dA] SINVUOUISODS dJOYM asnoy SIU 
-§09 ay} NOA sMOYsS dA0ge siNJoId ay |, 

‘sigpuljAd sed pur 
SyUP} [aNJ OY) se [Jom se ‘aay Ul puNoj 
2q 0} de SyIUN J9Yy}O PUB UOI}e}S JY} 
jo soulgua ayy ‘Aressasou jou aie Ady 
JO} ‘SMOPUIM OU 312 3194] dJ9H ‘a[Nnpow 
SUIZUD dy} SI B]NPOW YOM ay) pulyag 
‘SuIUINY Pivay 9q ULd JOJOU! I11}99]9 
ay} pue ‘s[eIp UO IJBYOI[J Sajpsou “yoryo 
Sayo}iMs ‘JjO pue uo Buryulq Apueis 
-U0d a1¥ syst ‘sod [OIUOD [B41UD 9Y) 


Orbital Spaceships and Space Probes 


106 


The Space Car 


Explorers, drifting on ice floes in the 
Arctic Ocean or living in the Antarctic, 
greet arriving planes with great enthusi- 
asm, since they bring them letters from 
relatives and friends, food supplies and 
tools, as well as favourite films and 
books. 

Guests arriving on board the orbital 
space station Salyut are treated with si- 
milar fervour. The station drifts in 
space like an ice floe in the ocean and 
cosmonauts can travel to it in the space- 
ship Soyuz. That is their ‘‘space car’’. In 


the Soyuz, as in the orbital space sta- 
tion, there are three modules — the liv- 
ing module, the instrument and engine 
module, and the cosmonauts’ cabin. 

The living module is where the cos- 
monauts can relax and take their rest. 
Some of the things that they will take 
on board the space station are kept 
here. The spaceship instruments and 
units, vital to its flight, are to be found 
in the instrument and engine module. 

The main module is the cosmonauts’ 
cabin. This is situated in the centre of 
the ship and is Jike a huge bell in shape, 
closed underneath by a large bowl. It is 
here that the crew are to be found at the 
most important and difficult moments 
of their flight, that is, when the ship is 
entering orbit and also when it is dock- 
ing or descending to Earth. 
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The cosmonauts sit in special seats. If 
there are three men in the crew, the 
commander will take the middle seat. 
In front of him is the control panel. Va- 
rious data light up on the cathode-ray 
tube — information about the ship and 
the functioning of its instruments, and 
also reports from the FCC. The com- 
mander drives the ship by means of two 
control sticks, one on each side of his 
seat. The stick on his right enables him 
to turn the ship in any direction, and 
the one on the left, to alter its speed or 
orbit. 

Slowly and carefully, the commander 
guides his ship to the station. Then the 
two craft touch and couple together 
like railway carriages. At this point, the 
hatches may be opened and the crew 
can transfer to the station to carry on 
their work. 


SALYUT 


The cosmonauts require supplies of 
food, air, and various materials so that 
they can live and work in outer space 
for a long time. An orbital station needs 
fuel, and its instruments do not last 
forever. The cargo spaceship Progress 
delivers all these necessary items to the 
station. It flies without cosmonauts on 
board, and can therefore carry extra 
weight. 

Salyut station is built in such a way 
that two ships can dock with it at once, 
attaching themselves to it end-on. One 
of these is the personal “car” of the 
people who live in the cosmic house, 
and the other transports visitors to the 
station or delivers cargo. 


Progress 
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Weightlessness—a 
state in which a 
human being and 
the objects around 
him do not weigh 
anything. They 
become lighter 
than a feather. 
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Here is weightlessness for you. It is 
hard to work out where is up and where 
is down. 
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The Dining Room 


Every home should have its comforts. 
For the cosmonauts, this is particularly 
important since they live and work for 
a long time in the same place, and can- 
not go out for a walk or even open 
a window. Moreover, up there in orbit 
an enemy is lying in wait for the cos- 
monauts—one which is not to be 
found on Earth. This is weightlessnéss. 
It is hard to fight it or grow used to it, 
and it has many unpleasant side-effects. 
During the flight made by the cosmo- 
nauts Leonid Popov and Valery Ryu- 
min, the following incident took place. 
A small water tank had been damaged 
and about two litres of water had es- 
caped and turned into a ball, floating 
about the cabin. What if it should 
touch one or other of the instruments? 
That could not be allowed to happen. 
The cosmonauts checked every corner 
of the ship, but it was as if the ball of 
spilled liquid had rolled overboard. It 
was nowhere to be found. Only by 
chance did they then look up and see it 
floating above their heads. They had no 
difficulty in catching it, but were unable 
to put it back into the tank. Then they 
decided to drink it, which is exactly 
what they did, leaving not one drop be- 
hind. That shows you what a mis- 
chievous thing weightlessness can be. 
On Earth, eating dinner is an easy 
matter. You sit-down at the table, eat 
your soup and think nothing of it. 


However, in outer space it is more of 
a problem. Weightlessness immediately 
makes its presence felt. The soup which 
you pour into your bowl will not stay 
there but will instantly gather into 
a ball and float about the cabin. You 
cannot scoop any up into a spoon; as 
soon as you touch the ball, it will break 
up into small pieces. That is why all the 
food eaten by cosmonauts is in packets 
or tubes. The latter are rather like 
toothpaste tubes. You bring one to 
your mouth, squeeze it, and eat your 
fill! 

The cosmonauts’ food is prepared on 
Earth and during flight they eat these 
pre-cooked dishes. For example, soup 
is prepared as a puree. Meat, onions, 
peppers, beetroot and cabbage are 
shredded into tiny pieces and put into 
a tube. Then all one has to do is heat 
that up and the soup is ready. The sec- 
ond course is served in tins— beef or 
pate, for example. 

The bread is unusual. The loaves are 
tiny and look like toffees. They are 
sealed in double-wrapped cellophane 
packs and stay fresh for a long time. 
When you bite into them, you find that 
they are fresh and do not crumble. 

It would seem that everything has 
been thought of as far as the cosmo- 
nauts’ food is concerned. However, if 
you yy eating the same food over 
a period of months, day in, day out, 
you will find that you soon grow tired 
of it. Moreover, cosmonauts eat pre- 
served food which is not as tasty as that 
which we eat. How can their diet be 
made more varied? 

The arrival of the spaceship Progress 
helped to solve this problem. The crew 
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on board the space station were able to 
order their favourite dishes and have 
them delivered by this cargo ship. Now 
they even receive fresh fruit and vege- 
tables at fairly regular intervals. 

The cosmonauts dine at a folding 
table. They help themselves to a con- 
tainer of food in which they find their 
breakfast, lunch, and dinner in sealed 
transparent packs. These are all separa- 
te so that they cannot be confused and 
the cosmonaut does not eat more than 
he is supposed to. 

After dinner, the empty packets, 


tubes, and tins are collected up and put 
into a large cellophane bag. There must 
not be any rubbish on the station. 

Not so long ago, running water was 
made available in the cosmonauts’ din- 
ing room. The water system on board 
the Salyut-7 was called Rodnik and 
consisted of a pipe, tap, and water cis- 
tern—two tanks of water fitted into 
the engine module. It was almost like 
on Earth. 
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The Bedroom 


In conditions of weightlessness, you do 
not need a bed. You can go to sleep 
anywhere, in any position —sitting 
down, standing up, or standing on your 
head. You do not grow stiff or numb if 
you lie too long on one side, nor do you 
get pins and needles in your arms, for in 
a state of weightlessness you are as light 
as a feather. 

Nevertheless, cosmonauts do have 
special places for sleeping—in the 
work module. Without these, they 
would float about the cabin in their 
sleep, knocking against various instru- 
ments like drowsy fish. 

When the cosmonauts go to bed, 
they have to secure their sleeping-bags 
into position and also have to tie up the 
clothes they have taken off. The cosmo- 
naut Pavel Popovich told how, one day 
before going to sleep, he forgot to tie 
down one of the boots he had taken off. 
When he awoke, it had gone. He was 
very surprised and hunted for it for 
a long time. Surely it had not been sto- 
len! Then, of course, he found it. The 
boot turned out to be in some hidden 
corner of the station, carried there by 
a slight breeze from the ventilators. 

For the lofty Valery Ryumin, a suit- 
able sleeping place could not be found. 
He had to secure his sleeping-bag to the 
ceiling and sleep there. 

At bedtime the cosmonauts cover 
their faces with light netting so that. 


during their sleep, they will not inhale 
any small particles which may acciden- 
tally find their way into the module. 

Whilst the cosmonauts are sleeping, 
the control centre on Earth continues 
to keep a close watch on the station. If 
it becomes absolutely necessary, a com- 
mand can be radioed to the station and 
then an alarm will wake the men: “‘Get 
up. Alert.” 


Orbital Spaceships and Space Probes 


8--- 1025 


114 


AN A—Z OF COSMONALCTICS 


115 


Heating and Lighting 
the Station 


Perhaps you already know how the 
heating system in a flat works. Water is 
heated by a boiler in a place called the 
boiler-house. When it is hot it flows 
through pipes into radiators which are 
installed in the flat. These then give off 
warmth. Alternatively, the block of 
flats may be heated by a furnace fuelled 
with logs that blaze and crackle. The 
warmth from them spreads about the 
whole house. 

In an orbital space station, there is 
neither a boiler nor a furnace. The cos- 
monauts’ home is kept warm by the 
Sun which, in space, shines more 
brightly and heats more strongly than it 
does on Earth. To prevent it from over- 
heating, the station is covered with spe- 
cial paint which reflects the rays of the 
Sun. However, the station is not always 
exposed to light during its flight. Some- 
times, it finds itself in total darkness. 

To ensure that the cosmonauts will 
not freeze in this darkness, the station is 
built with a special heating system, si- 
milar to the one using hot water. In this 
case, however, the water is heated not 


Solar battery—a 
small electric power 
station. Sunlight 
falling on it generates 
an electric current. 
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by burning wood or coal, but by the 
rays of the Sun. 

What is done to provide lighting on 
the station when it is flying through 
darkness? How can electricity be pro- 
vided to make its countless instruments 
work? Perhaps wires could be stretched 
from Earth and fixed to the station? Of 
course that is impossible, since the craft 
is in motion; the wires would become 
entangled all around the Earth. In- 
stead, the station’s electricity, like its 
heating, is generated by the Sun. 

Look at the picture. Long plates like 
wings stretch out on either side of the 
space station Salyut. These are solar 
batteries. They are built in such a way 
that the sunlight falling on them turns 
into electricity. This powers the sta- 
tion’s lighting, electric motors, radio, 
and various instruments. 


Living on Earth as you do, you can 
have a wash, take a bath or bathe in 
a river any time you wish. 

What about in outer space? It is not 
so easy to have a wash there. In condi- 
tions of weightlessness, even water 
weighs nothing. If you wanted to wash 
your hands and face, and just turned on 
a tap in the cabin, the water — which in 
space has to be pumped through— 
would hit your hands, bounce off, dis- 
integrate into tiny drops and then float 
about in the air. Therefore, when they 
wash, cosmonauts use special towels 
which are ready-moistened with hot or 
cold water. They clean their teeth with 
special brushes, using toothpaste which 
does not foam and can be swallowed. 

Once a month on the space station, 
the cosmonauts have a shower. They 
cannot have one more often as water 
has to be used sparingly. A folding cu- 
bicle made of strips of cellophane is fi- 
xed beneath the shower head. The cos- 
monaut goes inside it and draws his feet 
down to the floor by means of rubber 
suckers. Then he closes the zip on the 
door so that not one drop of water can 
splash out into the cabin, and he 
switches on the pump. He puts a mask 
onto his face, which prevents him from 
inhaling drops of soapy water. One 
pump feeds the hot water in and sprays 
it. and another sucks it back out of the 
shower cubicle. Once the cosmonaut 
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has finished washing, he dries himself 
off and then puts on clean clothes. 

Dust and rubbish are absolutely for- 
bidden in a cosmic house. On the sta- 
tion, as in a house or flat, there is a vac- 
uum cleaner. From time to time, the 
cosmonauts set about tidying up and 
clearing their home of dust and rubbish. 
All the rubbish is collected in plastic 
bags and thrown outside through 
a hatch. 


Being Your 
Own Doctor 


Imagine you have fallen ill. You have 
a temperature. The doctor is called out 
to you—or perhaps you are taken to 
his surgery. After taking your tempera- 
ture and examining you, that is, listen- 
ing to your heart and lungs with a steth- 
oscope, he prescribes a cure. 
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What can be done, however, if 
a cosmonaut falls ill during a space 
flight? The doctor cannot be called out. 


Of course, the flight can be cut short, ' 


and the sick man returned to Earth. But 
is it always necessary to take such ac- 
tion? Not always, it seems, for the cos- 


monauts can help each other. Like real | 


doctors, they can examine each other; 
they can also ask for advice from Earth. 
Then they can prescribe a cure. A real 
doctor on Earth can also examine the 
cosmonauts. He does not, however, 
jump into a rocket and set off for the 
station in outer space. He does not even 
leave the FCC, in fact, but sits in front 
of a television in the main room there. 
This doctor does not use a stethoscope 
either; he conducts his examination by 
a completely different method. 

The cosmonaut Valery Ryumin 
describes the process: ““Once every ten 
days medical checks would be carried 
out. A good thing it wasn’t more often! 
In space time is valuable, and you have 
to give up a whole day to the doctors. 
And what a lot of bother! The minute 
we woke up, when we were feeling rest- 
ed, and then later in the day, when we 
were doing various jobs, we had to put 
about twenty sensors all over our heads 
and bodies. The wires kept tangling up 
and the sensors were a nuisance. The 
sweat just poured off us. But what can 
you do? If you’ve got to do a thing, 
then you just have to get on and do it! 
Anyway, we do have a vested interest in 
getting back to Earth safe and sound!” 

The cosmonaut’s heart is beating 
evenly and distinctly. In an instant, 
a radio has transmitted these signals to 
the ICC, and from there they go 


straight to an electronic computer in 
the FCC. This decodes the signals, ar- 
ranges them into a suitable and com- 
prehensible form for the doctor, and 
then displays the information on the 
television screen: “‘Pulse—fine: sixty 
beats a minute. Breathing even and 
calm.” The doctor smiles. Everything is 
in order. The cosmonaut is healthy and 
the flight can be continued. 

However, since the invention of 
a new piece of medical equipment cal- 
led the Aelita, cosmonauts have been 
able to carry out this kind of health- 
check by themselves. This small instru- 
ment replaces several doctor’s surgeries, 
for a wide variety of tests can be car- 
ried out with it. It can be used to 
check the functioning of a person’s 
heart, brain, and blood vessels, and can 
also take his blood pressure and an 
electrocardiogram, which is a record of 
the electric currents generated by his 
heartbeats. All the data received by the 
Aelita about the physical condition of 
the cosmonaut are then fed into the di- 
gital computer on board the ship. 

This piece of equipment helps to 
solve one of the most important prob- 
lems of space medicine, which is to de- 
termine how long a cosmonaut can fly 
and work productively without endan- 
gering his health. 

When a person falls ill, he often 
loses weight. That is why cosmonauts 
keep a careful check for any such chan- 
ges. On Earth, a person’s weight can be 
measured without any trouble. Even 
a child could do it, provided there were 
some scales. But how can a person 
weigh himself in outer space? Due to. 
weightlessness, ordinary scales are of 
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“Chibis” is a special 
suit for cosmonauts 
to wear to train their 
bodies in before they 
return to Earth. In 
space a person’s 
limbs do not feel the 
same load that they 
are used to on Earth 
and so they get 
weak. The ‘“‘Chibis” 
puts extra strain on 
the legs to get them 
reused to Earth’s 
gravity. 


no use. Therefore a special instru- 
ment called a “‘massmetre” was invent- 
ed for measuring weight in space. It 
looks like a small platform on springs. 
The cosmonaut sits in it, presses a small 
lever, and the platform begins to quiver 
like a spring mattress. Then some fig- 
ures light up on a special indicator 
board, telling the cosmonaut his weight. 
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the gear, the harder it is to ride the 
space bicycle. When he switches into 
bottom gear, the cosmonaut feels as- 
though he were riding up a steep hill. 
His muscles strain and the sweat pours 
off him. That’s physical exercise for 
you! Of course, these are rather boring 
exercises. Try them yourself— pedal 
for an hour and then run for another 
hour, on the spot, every day for several 
months. However, the cosmonauts 
know that these exercises are vital to 
their health and therefore they do them 
with application. 


Exercise Time! 


To ensure that the cosmonauts keep 
up their strength, a small ‘“‘stadium”’ 
has been built on board the space ‘sta- 
tion. It contains only two pieces of 
equipment—a running machine and 
a bicycle. 

The cosmonaut puts on his sports 
gear and, holding on to the handrails of 
the running machine, he climbs on to 
the rubber track, which is like a small 
conveyor belt. There he fastens rubber 
straps to his waist, the other ends of 
which are attached to the floor. These 
secure him to the track. 

He switches on the electric motor, 
and the track begins to move under his 
feet. Whether he wants to or not, he has 
to run—on the spot, of course. The 
faster the machine works, the faster he 
has to move. 

The second piece of equipment is 
actually very similar to a bicycle. It has 
handlebars, a saddle, pedals, and even 
a gear switch. The cosmonaut sits on 
the bicycle and fastens himself to it with 
rubber straps so that he will not fly out 
of the saddle. Then he switches it into 
first gear and begins to turn the pedals. 
Of course, he does not go anywhere on 
it—it has no wheels and is attached to 
the wall. But he nevertheless has the 
sensation of riding along the wall as he 
pedals! 

What happens if he switches into sec- 
ond gear? Ah—it is a little more diffi- 
cult to turn the pedals then. The lower 
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suppose you were to sit like that for two 
or three days? 

Cosmonauts are often alone for con- 
siderably longer periods of time, some- 
times for several months, and they can- 
not leave their cosmic house. Of course, 
they would very much like to talk to 
friends and relatives or, better still, to 
see them. 

One day, Progress brought a televi- 
sion to the station for the cosmonauts 
Vladimir Lyakhov and Valery Ryumin. 
They switched it on and the pale blue 
screen came into life: 

“Flight Control Centre Television 
begins its broadcast.” 

The voices of the cosmonauts were 
heard in the FCC: 

“Great! Marvellous!” 

Now, thanks to television, cosmo- 
nauts in orbit can not only see and hear 
their favourite entertainers, writers and 
sportsmen, but they can also “meet” 
their relatives and friends. They are 
able to see each other, to return a smile 
or acknowledge a gesture, and they can 
also chat with each other on TV. 

On one occasion television cameras 
were set up in the streets of Star City, 
and the cosmonauts watched its inhabi- 
tants going to work or, in the case of 
children, to school or nursery school. 

Radio and television have brought 
the cosmonauts nearer to home, to 
Earth. They no longer feel isolated in 
their cosmic house. 

This is a television station. The station is 
communication also used to receive 
Station. It helps us images from weather 
see how cosmonauts satellites. 


work inside a 
spaceship or 


Not so Far Away 


Close the curtains at the window, turn 
off the television, and try to sit for one 
whole day in that room. Are you 
bored? Of course! You soon grow tired 
of being alone. You want to occupy 
yourself with something, see your 
friends, play, or go out for a walk. But 
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The Space Station 
Mir 
Do you remember how, when we were 
talking about the space station Salyut, 
we said that in future space homes there 
would be many separate modules? Now 
there is such a home in space. Just like 
the publishing house which prepared 
this book for you, the space station is 
called Mir or Peace, a name clearly 
understandable to any child. The first 
people to see their new home were the 
commander of the spaceship Soyuz 
T-15 Leonid Kizim and his second offi- 
cer Vladimir Solovyev. 

The exterior of the station resembles 
a white seagull with two enormous 
wings, a round head as large as a very 
tall man, a short neck, and a long body 
like that of an airliner. It is spacious 
due to the absence of all the scientific 
equipment that was on board the Sa- 
lyut. Such equipment is not necessary | 
here; it will be accommodated in other 
modules which can be attached to the 
head of the space bird. Unlike the head 
of a seagull on Earth, this space bird 
has five eyes or apertures. These are 
connection points to which other spa- 
ceships or modules — equipped with in- 
struments for work in orbit—will be 
docked. 

Now let us count the number of mod- 
ules that the cosmonauts will have in 
their new home. Like Salyut, the station 
has three main modules, each called by 
the same name as before. Five more can 
be attached, or docked, to the transfer 
module. Three and five make eight. But 
that is not all. In the tail module of the 
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station there is another connection 
point. Consequently, one more ship can 
be docked there too. Therefore the total 
number of rooms in the space home will 
be nine. 

Which is the most important room? 
Let us try to work that out. Imagine 
that you are standing inside the head of 
the space seagull, in the hallway of the § 
space station Mir. In front of you there 
are six doors or hatchways. If you open 
one, you enter photographic labora- 
tory. This room has the largest win- 
dows. Why do you think that is? That’s 
right — it is easier to observe the Earth, 
stars and Sun through wide windows. 
Photography is made much simpler. 

Another room houses the technologi- 
cal section. Here there are clever instru- 
ments which, when used by the cosmo- 
nauts, can cast metals, grow crystals, or 
create new materials that at present 
cannot be made on Earth. Thus the cos- 
monauts are working for the benefit of 
mankind. 

When you open the third door, you 
enter the air lock chamber. This air lock 
connects the station to the space out- 
side. It is used for storing spacesuits, in- 
struments, and small space cars in 
which the cosmonauts will travel 
around the station when repairs be- 
come necessary. 

The fourth room houses a surgery 
and a chemist’s. In the fifth there is 
a small space garden planted with 
onions, green peas, garlic, radishes and 
the other vegetables man needs to eat. 

As you can see, each room serves a 
certain purpose and each is important. 
Over a period of time, this space 


“Mayak” is the framework for extra 
name of an solar batteries or 
experiment that the space cars to move 
cosmonauts Leonid cosmonauts and 
Kizim and Vladimir equipment to and 
Solov’ev (whose call from places a long 
sign was also distance from the 
Mayak) carried out space station. 

on board the 

Salyut-7 space 

station. During the 

experiment they 

undid and put 

together a 12-meter 

girder. Girders like 

this one will be 

needed in the future 

to build the 
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“Kurs” is the radio 
and computer 

equipment for guiding << 
supply ships and on 
modules towards the 
Mir station and for 
docking them. 
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Command and supervise all the 
communications panel equipment aboard the 
is a control console. It | space station. 
contains a multitude 

of buttons, switches, 

and visual display 

units which the 

cosmonauts use to 


AN A—Z OF COSMONAUTICS 


127 


Individual listen to music, or 
cabin.There are two read a book. 
aboard the 

station. When a 

cosmonaut gets tired 

he can retire to one 

of them and rest, 
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Dining room aboard 
the Mir station is 
designed for six 
people. The 
cosmonauts sit in 
front of the table, 
open the lid, and 
inside there is their 
daily ration. Beside 


Progress 
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them is another lid 


covering a container 
for the empty 
containers, tubes, and 
wrappers. In the 
centre of the table is 
a microwave oven for 
heating their 
food.The oven has 
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a timer and if the 
cosmonaut forgets to 
take out his food it 
sounds an alarm, 
which reminds him 
he must hurry or else 
his dinner will burn. 


house can be altered. For instance, once 
the crop in the space garden has been 
harvested. that room becomes useless. It 
is disconnected and a new one is then 
sent from Earth. This may be a biology 
laboratory containing animals and in- 
sects, or an observatory for investigat- 
ing the galaxy. 

But what do you think —can all the 
rooms in this home be replaced? No, of 
course not all. If the space station Mir 
were not there, then there would be 
nothing to dock with it. Therefore the 
most important part of the new home is 
the station Mir itself. It is also the most 
important because it contains the cen- 
tral command post. From here, the cos- 
monauts will control the work of the 
various instruments, and like flight con- 
trollers they will receive all the informa- 
tion about what is going on and where 
on television screens. Computers —- of 
which there are more on Mir than on 
Salyut-— will aid them in this. 

The space station Mir, like Salyut, 
will be in service for mankind for a long 
time to come. Happy is he who is able 
to dream. Let us dream a little now. Im- 
agine that you are living in the year 
2000. The Soviet Government has an- 
nounced that in honour of the 40th an- 
niversary of the world’s first space 
flight, made by Yuri Gagarin, a space- 


-ship is to be launched from the Soviet 


Union with a six-man international 
crew. No doubt everyone wants to be 
it member of that crew. What do you 
have to do to become a member? You 
can find out in the next chapter. 
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Star City 


Nowadays, no doubt, any schoolchild 
knows about Star City. Yet when Yuri 
Gagarin and his fellow-cosmonauts 
first came here there was nothing but 
a large forest clearing, in the middle of 
which stood a detached house, a former 
rest home. This house saw the begin- 
ning of the history of the cosmonauts’ 
training centre. It is a story of people 
involved in a profession that demands 
bravery and perseverance, one of which 
every young boy dreams. 

The first cosmonauts did not know 
very much about space, but all of them 
had a burning desire to fly to the stars. 
Their dreams gave rise to the name Star 
City. 

Today it is difficult to recognize the 
original Cosmonauts’ Training Centre. 
Nine-, twelve-, and sixteen-storeyed 
buildings have shot up quickly and now 
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ower above the dense evergreen forest. 
his is Star City, where cosmonauts live 
ith their families and also train for 
space flights. 

Becoming a cosmonaut by profession 
is like climbing a steep mountain to the 
top. Anybody may stand at the foot of 
that mountain, but only the strongest 
and most perseverant of people can 
reach its peak. The profession is such that 
it will not accept anything less than the 
best. A cosmonaut cannot be of aver- 
age ability. A man who sets out to be- 
come one has to reach the top — that is 
the only way! 

Out of a very large number of appli- 
cants, doctors selected twenty pilots for 
the initial group of cosmonauts. To be- 
come a space pilot, each of these men 
had to complete a set of tests, step by 
step. Each of these steps, even the smal- 
lest, was important, for the next one de- 
pended on it. They included the study 
of rockets, space craft, astronomy, me- 
dicine and other sciences, as well as 
physical training—on a _ bicycle, 
swings, an exercise machine and 
a swivel chair. Added to this, there were 
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Star City —a 

town near Moscow, 

in which the people 

who train cosmonauts 

live and work. The 

cosmonauts 

themselves live there 

with their families. 

tests in space chambers that is, 
rooms in which the conditions of space, 
} such as heat and noiselessness, are si- 
| mulated — and on a centrifuge too. Fi- 
nally, the tests involved parachute 
jumping, the piloting of aeroplane, and 
other such exercises. 

Nowadays, it is even more difficult to 
become a space pilot. As well as being 
responsible for testing out the spaceship 
in flight, a man in this position has to 
do the most varied work. He has to be 
navigator, doctor, engineer, handyman, 
photographer and journalist. all in one. 


He has to possess all these skills, for, 
while one day he may be carrying out 
observations of the Earth and taking 
photographs of it, the next he may be 
smelting metals in an electric furnace or 
else conducting medical tests and re- 
porting the results to the control centre. 
If you were to write down, in tiny let- 
ters, all the daily tasks of the crew on 
the space station Salyut, you would 
need a piece of paper the size of a bed 
sheet! These tasks can be completed by 
people who are capable of hard 
work. 

The cosmonauts in Star City work 
very hard, in their classrooms, in halls 
with space-environment simulators, in 
water tanks that simulate conditions of 
weightlessness, and on the centrifuge. 
Thus it is that they prepare themselves 
for space flight. 
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There is another very famous place in 
Star City — the museum. It began with 
an exhibition of the gifts received by 
cosmonauts during their trips to vari- 
ous towns and countries. They donated 
these gifts to Cosmonaut House, and 
when there was a considerable quantity 
of them, it was decided to open up 
a museum. Several large rooms in Cos- 
monaut House were chosen to house 
the exhibits, which included not only 
gifts but also the re-entry module of the 
ip V k, various space suits 
ar pai aig al in te 
; , : Gagarin Cosmonauts 
the cosmonauts’ personal possessions. Training Centre. 
One of the rooms displays Yuri Gaga- Here the cosmonauts 
rin’s study, complete with all the origi- learn how to manage 
nal furnishings. Every day, people come a spaceship and do 


; : the experiments, 
from all over the Soviet Union to Star and they study 


City, and sometimes people from other the on-board 
countries visit-it too. equipment. 
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Hydrobasin — the 
hydrobasin is 

a special laboratory 
in which the 
cosmonauts train 
under the guidance a 
experienced 
instructors to 
complete the work 
they will do in open 
space. 


The cosmonauts’ weightlessness, ya 
pressure suit that is need only touch 
made for working something to starf 
under water has zero moving. 
buoyancy, that is, it 

neither rises nor 

sinks. Moving 

underwater in 

a hydrobasin is much 

like moving in 
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The only way we 
know so far for 
overcoming the 
weakening effect of 
weightlessness is 
physical exercise. 
The cosmonauts 

A. Berezovoy and 


Centrifuge — the 
centrifuge is a special 
device that uses 
rotation to simulate 
the g-force overloads. 
It is used to train 
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V. Lebedev know this 
very well and in 
preparation for their 
211-day mission they 
are learning how to 
ride the space 
bicycle. 


cosmonauts and 

to test the 

strength of the 
devices to be 

used in space. 
Cosmonaut training 
begins with exercises 
and ends with work 
on the detail of the 
space flight. It 
includes unusual 
situations such as the 
one given in this 
photograph, a water 
landing. 


138 


AN A—Z OF COSMONAUTICS 


139 


Keeping Watch in Space 


PP WK 
ote 
La at ep 


| tte 


~~ am SON ¥{ 
PSY 


Cosmonaut—to be unafraid of journalist all at the 
a cosmonaut is difficulties, and enjoy same time. 

a rare job. In order work. A cosmonaut 

to become one, you must at the same 

must exercise from _ time be navigator, 

childhood, train your doctor, engineer, 

mind, strengthen mechanic, 

your willpower, be — photographer, and 
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Who Can Become 
a Cosmonaut? 


Being a cosmonaut is not a profession 
chosen by many people. Cosmonauts 
are honoured and respected every- 
where. But is it easy to win that respect? 
Is it easy to become a cosmonaut? You 
must judge this for yourself. 

If you are not keen on getting up in 
the mornings, as a cosmonaut you have 
to overcome your dislike and rise on 
time. If you do not like your work, you 
still have to do all of it, and do it well. If 
you are unable to work out a problem, 
you just have to sit there until you can 
solve it. 

All cosmonauts have been through 
school and then attended either a mili- 
tary establishment or an institute of 
higher education. They were all good 
pupils or students. Only diligent people 
are taken on as cosmonauts — people 
who will work hard and not be lazy. 

If you want to become a cosmonaut, 
you have to prepare yourself from an 
early age. You must increase your will- 
power, train your memory, not be af- 
raid of difficulties, and not shy away 
from any kind of work. Moreover, you 
need to do a great deal of physical exer- 
cise and sport to be healthy and strong. 


The cosmonauts 

L. Kizim, 

V. Solovyev, and 
Yu. Romanenko are 
discussing a plan of 
work in the 
hydrobasin. 
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The Space Suit 


Special clothing is necessary for extra- 
vehicular activity; you cannot just go 
outside a space station as you would go 
outside your house or flat. Certain dan- 
gers await man in space. There is no 
air — nothing to breathe. The blinding 
rays of the Sun can burn, and in the 
darkness the opposite can happen— 
everything freezes. Therefore, before 
going outside the space station, a cos- 
monaut dresses in a special outfit called 
a space suit. 

He puts it on by climbing through an 
opening in the back of it. Then he 
presses a button, upon which a flap 
seals this entrance tightly shut, and fol- 
lowing that he turns a knob and the suit 
inflates and becomes taut. Now he is 
breathing air from cylinders. 

Here is the kind of suit a cosmonaut 
wears. When he has this on, he will 
never freeze with cold or perspire when 
it is hot; he can regulate the tempera- 
ture inside it according to his require- 
ments. However, it is difficult to move 
and work when wearing it. You will be 
told more later on about how a cosmo- 
naut goes outside his space station. 


Space suit— an 
outfit which enables 
man to live in 
unnatural conditions 
(under water, in 
space). The Russian 


“skafander’’, comes 
from the Greek, 
meaning ‘a man in 
a boat”’. 
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The Way into Space 
Is Open to All 


Every country has its boundaries. They 
run across the Earth. 

But in space there are no boundaries 
between countries. If there were, it 
would be impossible to launch a satel- 
lite or put a spaceship into orbit. They 
cannot fly over one country as a plane 
is able to do. The route they take will 
necessarily encompass the whole world. 
For satellites and spaceships, bounda- 
Ties do not exist. 

The way into space is open to every- 
one. Each country can launch its rock- 
ets and send its cosmonauts on flights 
either around the Earth or to the 
Moon. All people on Earth share the 
same interest, which lies in studying our 
planet more thoroughly and solving 
Nature’s secrets, with the eventual aim 
of making use of such knowledge in 
everyday life. 

Therefore, people from different 
countries began to cooperate in space 
exploration. ‘Cooperate’ means to 
work together in positive agreement. 
For example, rockets are built in one 
country, various instruments are manu- 
factured in another, and cameras are 
produced in a third. Then the satellite is 
put together and sent into orbit. 

Can spaceships from different coun- 
tries meet each other in outer space? 
Each country builds rockets and space- 
craft in its own special way and they 
take off from different space ports. 


One such meeting or “rendezvous” 
did in fact take place. The Soviet Union 
and the USA agreed to dock the Soviet 
ship Soyuz with the American ship 
Apollo whilst in orbit. 

The Soyuz was manned by USSR pi- 
lot-cosmonauts Aleksei Leonov and 
Valery Kubasov. (Do you remember 
that ‘“‘cosmonaut” is the Soviet word 
for astronaut?) The American ship 
Apollo had three astronauts on board: 
Thomas Stafford, Vance Brand, and 
Donald Slayton. 


Much work had to be done to ensure 
the success of this flight. When experts 
and astronauts from America and the 
Soviet Union met, many of them could 
not understand each other without 
interpreters, for, of course, they spoke, 
different languages. 

Therefore, the first thing that the as- 
tronauts and cosmonauts decided was 
that some of them should start to learn 
Russian and others, English: 

“Hello, Mr. Stafford!” 

“Zdrastvui, Tovarishch Leonov!”’ 

Then everything was fine. Discus- 
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sions could be held sometimes in Rus- 
sian, sometimes in English. 

Meanwhile, the designers were think- 
ing about how to dock the ships and 
how to facilitate the cosmonauts’ trans- 
fer from one ship to another. This 
problem was solved; the ships were suc- 
cessfully launched and docked twice 
during orbit, thus enabling the cosmo- 
nauts to visit each other. 

Moreover, international crews have. 
flown into space in the same ship. (In- 
ternational means coming from differ- 
ent countries.) The first flights of this 
kind took place in the Soviet ship 
Soyuz, with the orbital station Salyut, 
the cosmic house, always waiting in 
space to receive the crews as its guests. 

This all began when scientists from 
the socialist countries formed a joint 
plan to carry out research of outer 


space. This was called the “Intercos- 
mos” programme. Initially the cosmo- 
nauts were trained on Earth in Star 


City. They were allowed to fly into 
space only after they had thoroughly 
studied the work programme and 
passed all the exams. Who were they? 

Their names are as follows: A. Re- 
mek from Czechoslovakia, M. Her- 
maszevski from Poland, S. Jahn from 
the GDR, G. Ivanov from Bulgaria, 
B. Farkas from Hungary, Pham Tuan 
from Vietnam, A. Tamayo Mendez 
from Cuba, Zh. Gurragchaa from 
Mongolia and D. Prunariu from Ro- 
mania. 

Now further space flights and ren- 
dezvous in orbit are being planned for 
the future. 
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Experiments Carried 
Out in Orbit 


“Experiments” is another word for 
“test”. Do you want to carry out a test 
similar to one made by cosmonauts 
during orbit? Please do! 

Put some fine sand into a glass, fill it 
with water, and then stir the mixture 
with a spoon. The two substances will 
remain mixed as long as the spoon is 
moving in the glass. But once the spoon 
is removed, the sand, being heavier 
than water, sink and settles on the bot- 
tom. No matter how much you try, it 
will be impossible to make a mixture 
that does not separate. 

However, this is not the case when 
you are in orbit. In space, sand and wa- 
ter do not weigh anything, so they re- 
main mixed and do not separate. Such 
a mixture cannot be formed on Earth. 
It can only be made in conditions of 
weightlessness. 

Of course, in an orbital space station 
the cosmonauts do not mix water and 
sand. They mix various metals instead, 
after smelting them in an electric fur- 
nace. On Earth, the heavier metal in 
this mixture would sink and the lighter 
one would float to the surface, like the 
cream of the milk. But in conditions of 
weightlessness, this does not happen. If 
the metals are well mixed, then they will 
cool like that instead of separating into 
two parts, one on top and the other be- 
low. The result is an alloy which is very 
| hard to produce on Earth. Such alloys 


are very much needed; they are used in 
technology and in medicine too. 

How do plants and animals behave 
in conditions of weightlessness? A kit- 
chen garden and a pets’ corner were set 
up in the space station in order to inves- 
tigate this. There were tadpoles, gold- 
fish and insects in the pets’ corner; Anita 
and Arabella the spiders and Nyurka 
the fly all experienced life in space! 
Their flight too was carefully planned. 

When the spiders were first in orbit- 
they wove tangled, uneven webs; they 
were completely unable to spin prop- 
erly. It seems that, initially, weight- 
lessness disturbed them. But then they 
found their bearings, grew used to their 
new living conditions and, as on Earth, 


The distribution of 
crystals in an alloy 
made in space (top), 
and in one made on 
Earth (bottom). 
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produced even, tightly-woven webs. 
There was, however, nothing for them 
to catch in them! 

Nyurka fearlessly buzzed about the 
modules just as if he were on Earth. He, 
apparently, did not feel the effects of 
weightlessness at all. 

It turned out that plants found it 
most difficult of all to adapt to these 
new living conditions. Some peas, for 
instance, were planted in a jar and sent 
into space. After a few days, the first 
shoot appeared. This thin green stalk 
bent first one way, then another. Be- 
cause there is no gravity in a space sta- 
tion, the stalk did not know in which di- 
rection it should grow. In the end, the 
pea plant could not cope with weight- 
lessness and died. The same happened 
to other plants—they could not sur- 
vive. 

Nevertheless, such experiments con- 
tinued to be carried out, some with po- 
sitive results. The first successful crop 
was grown on Salyut-7 by the cosmo- 
nauts Anatoly Berezovoy and Valentin 
Lebedev. 

Thus one of the duties of a cosmo- 
naut consists in caring for the pets’ cor- 
ner and kitchen garden, and making 
studies of the animals and plants there. 

Many, many experiments are carried 
out in space, some simple, some com- 
plicated, but all of them necessary. Af- 
ter all, we know so little about space! 


Extravehicular 
Activity 


The first man to go outside a spaceship 
and walk in space was Aleksei Leonov, 
on 18th March 1965. He was flying 
with Pavel Belyaev in the spaceship 
Voskhod-2. Other cosmonauts since 
him have also walked in space outside 
their craft. 

Do you know how cosmonauts go 
outside the orbital station Salyut into 
space? The door they use is a side hatch 
in the transfer module. The cosmonaut 
pushed himself halfway through this, 
having attached a cable to the handrail 
so that he will not float away from the 
station. Then, holding on to this rail, he 
goes out into space. Outside, fixed to 
the body of the station, there are 
brackets which the cosmonaut uses to 
help him move about when he is work- 
ing. This work that he does can be of 
a most unexpected nature! 

Here is an example of extravehicular 
activity, carried out during the flight 
made by cosmonauts Vladimir Lyakhov 
and Valery Ryumin. 

The flight was almost over and every- 
thing was ready for the return journey 
to Earth. All that remained to be done 
was to disconnect from the station a 
ten-metre antenna with an “umbrella” 
about the size of a_three-storeyed 
house. Valery Ryumin gave the com- 
mand to disconnect it. Any minute now 
it would come away, and that would be 
the end of the matter. But to the cosmo- 
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nauts’ surprise, the antenna merely 
gave a jerk —and remained in place. 
No one had expected that. 

What was to be done? Should they 
leave everything as it was and depart 
from the station, or should they try 
again to disconnect the antenna? The 
cosmonauts asked the FCC for advice 
and worked out how to finish the task. 

Here is an account of what hap- 
pened, as told by Valery Ryumin: 

“After lunch we put on our special 
gear—first we put on helmets with 
earphones and then got into our space 
suits. That’s not the easiest thing in the 
world for someone of my very up- 
space-like height of 1.85 metres! Volo- 
dya helped or, rather, crammed me into 
the space suit. 

“Then I opened the hatch, got out, 
and stood on the outside of the station 


on the anchor, holding onto the hand- 
rail. Suddenly — within a split second, 
as happens here in space — night fell. 
I could immediately see the lights of 
towns against a black background. It 
was Japan and beyond that, the dark 
Pacific Ocean. 


then at the end of 
the session she used 
the tool as if it were 
walk. On 25 July an atomizer to spray 
1984 she and a very thin layer of 
Vladimir Dzhanibekov metal like that on a 
went into open space to cassette tape. 

test a hand-held tool 

for welding, cutting, 

and soldering metals. 

In open space 

Svetlana first cut 

a Sheet of titanium, 

then welded two 

metal pieces, and 


Svetlana Savitskaya 
was the first woman 
to do a space 


“There was no moon—only stars. 
I shivered. You shouldn’t work in dark- 
ness, but there was no need for me to 
anyway. For about half an hour 
I stayed there like that, as if hanging off 
the platform of a bus! 

“Then, far away in the distance, 
a thin blue-green band of light appea- 
red over the Earth’s horizon, and we 
decided to make a start. Volodya came 
out of the module, and I turned round 
and began to make my way towards the 
antenna. He moved into the place I had 
been in. I could see the end of the sta- 
tion with the antenna hanging off it. 
The metal spokes had gone into the soft 
body skin of the station; they were 
completely wedged in. There was cer- 
tainly some work to be done! 

“T told Volodya what had happened. 
We decided it was necessary to cut 
through the four steel wires, and then 
we'd go from there. I had to work care- 
fully, otherwise the antenna would trap 
me like a net! I got close to one of the 
wires — they are only about a millime- 
tre thick and as taut as bow strings — 
and cut it. I didn’t hear a sound as it 
snapped, but the big, bulky antenna 
shook and suddenly came flying at me. 
I barely had time to dodge out of the 
way! I cut the second wire and the 
antenna swung in the other direction 
this time. The same happened with all 
four. But no matter how much the 
antenna swung back and forth, it still 
didn’t come away. I had a long stick 
with me, about one and a half metres in 
length, with hooks on the end. After 
a short rest, I leaned over and hooked 
up the antenna. I gave it a sharp jerk, as 
hard as I could. Got it! 
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“Then I wanted to go back inside our 
cosmic house. Everything had gone 
exceptionally well so far. But I could 
not go in yet, as I had to inspect the 
outside of the station. Yes, space had 
taken its toll on it—the craft had 
taken a fair battering. The skin was 
torn here and there and had faded. I wi- 
ped the dust from the windows with 
a cloth which I then put into my pocket. 
I knew that that dust would please the 
specialists on Earth! 

“Then we radioed them on Earth. 
I can imagine how it must have been for 
them, waiting there. We announced 
that we had already removed the 
antenna. There was dead silence — 
they didn’t believe us. That was because 
we had done everything much more 
quickly than planned. They questioned 
us again and we affirmed that we were 
going back inside and that the antenna 
was floating somewhere in space... 
Then there was a burst of applause 
from the Flight Control Centre, just 
like in a huge theatre!” 


Beyond the Clouds 


Night has fallen. The astronomer sits 
down at his telescope, points it at the 
stars and—is upset by what he sees. 
Once again, clouds are in the way and 
the stars are not visible. Now he will 
have to wait until the next night. 

The following night, the sky is clear. 
Yet once again the astronomer has 
cause for distress. He finds it very diffi- 
cult to study the stars for they flicker 
and twinkle, and float about. Can you 
really observe them like that? The air 
causes this disturbance. The astrono- 
mer breathes a heavy sigh and reflects: 
“Oh, if only I could take my telescope 
high above the clouds!” 

This all happened in the past, how- 
ever. Now the telescope has found its 
way into orbit, on board the space sta- 
tion Salyut, and it is possible to carry 
out a constant, round-the-clock obser- 
vation of the sky, without any distur- 
bances. For this reason, cosmonauts 
have also become astronomers. They 
study the stars and the Sun, and pass on 
to others the information that they 
gather. 

Their instruments can, for example, 
indicate an increase in the flow of in- 
visible rays emitted by the Sun. Cosmo- 
nauts know that when this happens, in 
certain places on Earth storms occur 
more frequently, whilst in others there 
is drought and radio interference. There 
are also more cases of sickness than 
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usual. It is vital that this information 
should be passed on to Earth, since 
from there many of these rays cannot 
be detected. Thus cosmonauts help 
scientists to understand better the se- 
crets of the Sun. 

With the help of certain instruments, 
they also study the Earth’s atmosphere, 
photographing the clouds and the 
northern lights for example. Earth then 
receives these pictures, which help 
scientists to solve the mysteries of the 
sky and enable them to forecast the 
weather for the whole planet. 
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Observing the Earth 


The Earth’s surface has been closely 
studied, yet still much remains to be 
understood. Here is an example of the 
kind of study that is carried out. 

In the Arctic Ocean icy conditions 
often prevail, but it is difficult to esti- 
mate in advance how severe these will 


be. Some ships set sail and find their 
way completely blocked by ice, while 
others do not come across any at all. 
How can one work out beforehand 
which ships will need to be accompa- 
nied by an ice-breaker? 

One way is to send out aeroplanes in 
large numbers to survey the entire 
ocean. Their job is to circle over it day 
and night, keeping a constant watch on 
the movement of the ice in it. 

But what do you think about cosmo- 
nauts doing this work instead? To 
them, up in space, much of the Earth’s 
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surface is visible at one glance. Here 
they can see clear water, but over there, 
a large expanse of ice. It presents no 
danger to ships, however, for they can 
sail round it. Yet another ice floe may 
stretch for a thousand kilometres, and 
in this case ships cannot do without ice- 
breakers. By making these observa- 
tions, cosmonauts can be of help to 
those who sail the freezing waters of the 
northern seas. 

Moreover, they can show fishermen 
where to find fish in the ocean, and can 
lead geologists to the Earth’s hidden 

. Oy 


treasuries of minerals and water sup- 
plies. They are also able to determine 
the purity of the atmosphere, the extent 
and whereabouts of plant disease, and 
much more besides. 


Everything happening 
on our planet is 
visible from 

space. Thus Soviet 
cosmonauts saw a 
forest fire in Chile 
and Mt. El’brus in 
the Caucasus. 
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A Space Port in Orbit 


It was planned that Salyut-7 would be- 
come a flying space port, the first of its 
kind in the history of cosmonautics. 
The launch control team consisted of 
cosmonauts Anatoly Berezovoy and 
Valentin Lebedev. 

On the fourth day of their stay in the 
cosmic house, they began preparations 
for the launching of a small artificial 
satellite, Iskra, which was stored in one 
of the modules of the station. Let us 
look at them in action. 

Lebedev carefully touches the satel- 
lite, which is fitted all over with solar 
batteries. 

“Good lads!” he exclaims. 

“Who are you talking about?” asks 
Berezovoy. 

“The students of the Institute of 
Aviation. They were the ones who de- 
signed Iskra.” 

The two of them check the working 
order of the satellite. Everything is fine. 
Carefully, avoiding damage to its body, 
they put it into the air lock chamber. 
This consists of two spheres, one inside 
the other like a Russian doll. Iskra is 
placed inside the inner one, and the 
entrance hatch is then shut. The cosmo- 
nauts then turn this sphere round until 
the opening that Iskra had gone 
through coincides with the exit aperture 
in. the outer sphere. 

The final operations before take-off 
are complete. Only one command re- 


mains to be given before launching 
Iskra into space. Below, the Black Sea 
appears; Salyut-7 is now flying over 
Soviet territory. 

At this time, in the Moscow Institute 
of Aviation, students have the ICC 
antennae trained on the space station. 
These antennae are also their creation. 

“Launch satellite!’ commands the 
operator in the Flight Control Centre. 
At this, the satellite is ejected from the 
air lock chamber by spring pushers, and 
thus commences independent flight. Its 
antennae open out one after the other, 
and the on-board system switches itself 
on. 

At a later date, Anatoly Berezovoy 
recalled: 

“We looked through the window and 
it seemed that Iskra was really close — 
just a stone’s throw away. But with 
each circuit it made, it moved farther 
and farther away from the station. The 
next day that little man-made star was 
lost to the human eye, somewhere in the 
depths of space.” 

Later still, in November 1982, the 
same cosmonauts launched another sat- 
ellite—Iskra-3—from the _ orbital 
station. That time, the satellite’s depar- 
ture from the station was filmed, and 
these clips were used in the television 
film The Long Road into Space. 
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Good-Bye, Cosmic 
House! 


When an aeroplane arrives somewhere, 
it touches down on an airfield; but there 
is no such place for a spaceship to land 
when it returns to Earth. Instead, 
a large, flat piece of ground is provided, 
called the landing area. This, in fact, is 
not just large, but vast in size. 

An aeroplane pilot’s job is relatively 
easy. He turns the control wheel just 
slightly, and the plane makes a smooth 
touchdown on the runway. It can land 
at any time, and on any airfield, pro- 
vided there is enough fuel. 

A spaceship, however, cannot return 
to Earth in the same way, although its 
landing area is much larger than an air- 
field. What has to be done to enable it 
to land? 

First and foremost, it is necessary to 
wait until the spaceship is flying directly 
over the landing area. That, as you 
know, depends on the Earth’s rotation; 
suitable moments occur, in all, only two 
or three times a day. Therefore, ballisti- 
cians in the FCC have to calculate the 
precise time when the ship will leave 
orbit. Then they pass this information 
on to the cosmonauts so that they have 
time to transfer their belongings as well 
as themselves from the station into their 
“space car”, the ship Soyuz. 

They have a great deal of belongings. 
During their work on the station, the 
cosmonauts have made new alloys and 
grown crystals, as well as studed and 


photographed the Earth. They have 
many note books, pads and log books, 
containing accounts of the work carried 
out on the station. Then there are the 
seeds and plant shoots that must not be 
forgotten. All in all there is so much 
luggage that there is barely enough 
room for it in the space car. It is care- 
fully packed up and secured, so that 
during the descent it will not fly about 
the cabin and interfere with the control- 
ling of the ship. 

Eventually, when the luggage is 
packed, the cosmonauts switch off all 
the instruments, turn out the light, close 
the hatches and transfer into their space 
car. There they put on space suits, sit 
down in their seats, and fasten their 
safety belts so that they will not float 
about in the cabin. 

There is a slight jolt, and the ship 
Soyuz slowly pushes off from the sta- 
tion. 
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Descent — in 
order to leave orbit, 
the spaceship must 
be turned over so 
that its engines face 
forward. The engine 
fires and breaks the 
flight of the ship, 
which then begins 
moving towards the 
Earth. The engine 
and living module are atmosphere it begins 
now unnecessary and, to heat up due to air 
like the rocket, the friction. However 
space craft discards only the outside shell 
extra luggage. Only burns and the flame 


a single cabin is harmless for the 
containing the cosmonauts. The 
cosmonauts is left, atmosphere brakes 
this is called the the module and it 
descent module.When _ stops burning. 

it meets the However the descent 
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Hello, Earth! 


Gradually, the distance between the 
spaceship and the station widens. How- 
ever, descent, or re-entry as it is called, 
has not yet begun. The ship will not 
leave orbit until its retro-rocket engine 
is fired; this will slow it down. The 
clock ticks. The cosmonauts keep their 
eyes fixed on it, as the minute hand 
draws closer and closer to the appoint- 
ed time. Finally the instruments come 
into life, and a tremor goes through the 
ship, the retro-rocket has fired. Now 
the cosmonauts are no longer prisoners 
of space. They are heading directly for 
the landing area on Earth. 

The retro-rocket engine is switched 
off. It has completed its task: the ship is 
descending. Now not only the engine, 
but also the work module and the 
instrument and engine module are no 
longer of any use. Therefore, the space- 
ship, like a rocket, jettisons its superflu- 
ous cargo. All that is left is the heavy, 
solid capsule in which the cosmonauts 
sit with all the luggage that they 
packed. This capsule has its own small 


module is still 
moving very quickly, 
faster than an 
express train. The 
diagram shows how 
this velocity is 
reduced. As the 
descent module nears 
the Earth’s surface it 
releases a large 


coloured 

parachute. When the 
module touches the 
ground powder 
motors work, which, 
like a spring, absorb 
the energy of the 
impact. 


engines and instruments which drive it 
to the landing area. This capsule is 
called the re-entry module. 

The cosmonauts radio Earth: 

“Retro-engine system working 
according to plan. Everything’s okay. 
We feel fine.” 

Then the cosmonauts begin to feel 
sharp jolts, as though they are riding 
along a bumpy road. A mysterious 
force slightly pushes them, then presses 
them back against their seats. At this 
moment, bright tongues of flame can be 
seen at the windows. 

What is that? A fire? No! It is just 
that the re-entry module—the cap- 
sule-—has entered the Earth’s atmos- 
phere. Because of strong friction with 
the air, it has become red hot and begun 
to burn. However, the flames do not 
frighten the cosmonauts, for the out- 
side of the capsule is covered by a fire- 
proof protective shell. 

This braking is not easy to endure. 
The cosmonauts have been in a state of 
weightlessness for a long time and have 
already grown used to it. Then sud- 
denly, as soon as braking starts, they 
are affected by very strong g-load, and 
are also no longer able to communicate 
with Earth or hear the support of 
friends. Whilst flames are roaring all 
around the capsule, contact with Earth 
is temporarily lost. 

Then g-load decreases and the flames 
disappear. The atmosphere has damped 
cosmic speed. The cosmonauts breathe 
a sigh of relief; one more step of their 
journey back to Earth has gone success- 
fully. Now the re-entry module is flying 
down vertically, like a stone. 

The automatic control centre in the 
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re-entry module works out its distance 
from Earth and the speed of its flight. 
There are 15, 12, then 10 kilometres left 
to go. Then the cosmonauts hear some- 
thing click in the capsule and they 
feel a sharp jolt. A huge coloured 
umbrella has opened up in the sky. 

Now descent is by parachute, in the 
cords of which there is an antenna. The 
transmitter is switched on and it sends 
out signals in all directions — “beep, 
beep, beep!” These are picked up by 
helicopter antennae, thus informing the 
pilots of where to fly to meet the 
“spacemen’’. 

The re-entry module is still attached 
to the parachute, and helicopters are 
now hovering all around it, like drag- 
on-flies. In one of them, there are tele- 
vision operators. Circling and spiralling 
around the white and orange dome, 
they film all the details of the final 
minutes of the space flight. In 
another helicopter, a radio commenta- 
tor is recording his report on tape; he 
has to speak loudly, over the noise of 
the motor. With him are journalists, 
taking down information in their note- 
pads. Newspaper photographers lean 
out of the windows of a third helicop- 
ter, their cameras clicking away rapidly. 
In a fourth, there is a team of doctors. 
As though especially for them, the cos- 
monauts report: 

“We feel fine. We can’t wait to land.” 


“Hello, Mother 
Earth!” is how 
cosmonauts conclude 
their space flights. 
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They descend further and further to- 
wards the Earth. Now the capsule 
touches down. At that moment, a jet of 
fire explodes out from beneath its base, 
and for an instant it is shrouded in 
smoke. Has there been an explosion? 
No — it is the action of the solid propel- 
jant rocket motors, which ensure a soft 
landing. They decrease the speed of de- 
scent, and gently lower the capsule to the 
ground. 

Then the parachute is jettisoned so 
that the wind does not drag the craft 
along the ground. The helicopters land 
nearby, and the first people to hurry to 
meet are the doctors. If necessary, they 
will give first aid to the cosmonauts. The 
hatch of the capsule opens, and the 
excited and joyful faces of the cosmo- 
nauts appear. They are still in their space 
suits, but they are home now, on 
Earth. Their space flight is over. 
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atellites an 
Interplanetary 
Stations 


The Cosmic 
Settlement 


People invented artificial satellites to 
help them study the Earth, Sun, plan- 
ets, and stars, and thus to solve the 
mysteries of Nature. 

In the newspapers from time to time, 
one reads of the latest artificial satellite 
that has been put into orbit around the 
Earth. 

Now there are thousands of them cir- 
cling our planet. Some have already 
completed their tasks, whilst others 
continue to keep watch up there in 
space. Most of the satellites are either 
Soviet or American. Yet more and 
more often nowadays, space craft 
appear from other countries — France, 
China, Japan, and India for example. 

Thus the “cosmic settlement” is 
growing very quickly. 


Communication 
Satellites 


Not so long ago, television was a rarity; 
yet nowadays there is one in virtually 
every home. We have grown used to it, 
and do not think much about how an 
image appears on the screen—a stage 
in a theatre for example, or a football 
field. 

This is how it happens. Television cam- 
eras are set up in the theatre or sta- 
dium, and their lenses focus on the 
stage or the green field. Everything that 
can be seen through the lens—the 
actors playing their parts, the set, the 
audience, or the sportsmen—is now 
turned into invisible signals, that is, ra- 
dio waves, by means of special instru- 
ments. The TV station emits these 
waves in various directions and they are 
received by aerials connected to televi- 
sions in people’s houses. Inside the tele- 
vision sets, these invisible signals are 
then turned back into an image. That is 
the picture which we see on our screens. 


Satellites and Interplanetary Stations 
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If the Earth were as flat as a table- 
top, these waves could reach any point 
on its surface. Programmes transmitted 
in Moscow, for example, could be re- 
ceived anywhere, even in America. But 
the Earth, as you know, is rounded, and 
radio waves, which can only move in a 
straight line, cannot curve over the ho- 
rizon. In order to transmit a television 
programme over a large distance, from 
Moscow to the Far East for example, 
or from America to Europe, a television 
aerial has to be set up high above the 
Earth. How can this be done? Perhaps 
an aerial could be put up on a helicop- 
ter? That is not a bad suggestion, but 
the disadvantage is that within a few 
hours the helicopter would run out of 
fuel. Then the television programme 
would have to be interrupted whilst it 
landed on Earth to refill its tank. 

Engineers had a better idea: ‘““What if 
we fitted a satellite with an aerial? It 
won’t need fuel, and it will be able to fly 
for a very long time.” 

Consequently, just such a satellite 
was built and it was given the name 
Molniya. From up there in space where 
it flies, almost half the Earth is visible. It 
receives the signals transmitted by the 
television station, strengthens them, 
and then sends them back to Earth. 

Following Molniya, other satellites 
were built— Raduga, Ekran, and Go- 
rizont, for example. They enable people 
not only to watch television program- 
mes, but also to make long-distance te- 
lephone calls or send and receive teleg- 
rammes. These satellites provide means 
of communication between people and 
are therefore called communication 
satellites. 


Save Our Souls 


When you are hurt or scared you cry 
out “Mummy!” And adults? They too 
sometimes need help. 

A ship might be sailing far from 
shore, with nothing indicating disaster. 
Then suddenly the sea plays up, a storm 
blows up and waves the size of houses 
crash down. Not every ship can endure 
the punishment. 

An accident may occur in calm 
weather too. A ship can run aground 
ona sand bank, or it can be holed by an 
unseen rock or iceberg. And how many 
times do ships collide?! Every time a 
ship suffers a disaster, it sends the inter- 
nationally recognised distress signal 
SOS (Save Our Souls). 

Sailors have a rule: Render assistance 
even if your own life is in danger. Every- 
one who hears an SOS speeds to help 
those in distress. This has always been 
the case. However, quite recently satel- 
lites have been brought in to help sail- 
ors and aircraft passengers who have 


Orbita — the first 
Earth station of the 
satellite 
communication set in 
the USSR. Orbita 
and satellites 
Molniya would 
enable people to 
make long-distance 
telephone calls and 
watch television 
programmes 
throughout all our 
planet. 
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suffered an accident. The first such sat- 
ellite (and the first to save life) was the 
Soviet Kosmos-1383. 

It happened that a Canadian light 
aircraft had to make a forced landing in 
a forested mountainous area in British 
Columbia. The pilot sent out an SOS. 
The Soviet satellite was orbiting the 
area and caught the signal. It immedi- 
ately informed Ottawa, the Canadian 
capital, and within hours a rescue plane 
discovered the unfortunates. The lives 
of the wounded pilot and his two pas- 


were saved. 

Twenty days later a similar incident 
occurred with another Canadian air- 
craft, and again Kosmos-1383 came to 
the aid. Ten days later the satellite 
found three Americans whose catama- 
ran had capsized in the Atlantic. 

So what was this satellite, which had 
saved seven people within a month? It 
was part of an international satellite 
rescue service for ships and aircraft 
which had been set up jointly by the So- 
viet Union, USA, Canada, and France. 


sengers, who were quickly hospitalised, | 


The aircraft and ships of these coun- 
tries were equipped with special bea- 
cons which send out an SOS in case of 
accident. The satellite picks up the sig- 
nal and from the altitude of its orbit 
rebroadcasts the signal. As soon as peo- 
ple on Earth receive the signal they rush 
to the assistance of those in distress. 


pais ee 


This is the apparatus 
aboard the 
Kosmos-1383 
satellite. It was the 
first to find the 
survivors of 

a Canadian air 
accident and help 
save them. 
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Satellite — Where 
Am I? 


Perhaps you are familar with this 
poem by Pushkin: 
The wind plays over the sea, 
Chasing the little boat along; 
It speeds through the waves 
On puffed-out sails. 


Do you know the name given to a 
person who plots out the course of a 
ship or boat? He is called a navigator. 
His duties are difficult and compli- 
cated, for he always has to know where 
the ship is, where it must sail next, and 
when it will arrive in port. 

Lighthouses on the shore help sailors 
to determine the position of a ship at 
sea. When far away from the shore, 
they can work out its position by the 
stars and Sun instead. 

However, the weather is sometimes 
unfavourable to the sailors. Often the 
sky is covered by clouds and neither the 
Sun nor the stars are visible. In the past, 
in such weather, it was difficult to de- 
termine the position of a ship at sea. 
Now, though, people have invented 
artificial stars. 

Have you ever seen how a shimmer- 
ing star will sometimes shoot across the 
night sky? No, it is not a meteor or a com- 
et. That star is none other than a sat- 
ellite, lit up by the rays of the Sun. 

Nowadays, special satellites have 
been invented for sailors. They are cal- 
led navigation satellites. The word 


“navigation” came into being a long 
time ago and means the safe guidance 
of ships. 

How does a navigator use a satellite 
to determine the position of a ship in 
the sea and to plot a safe route for it? 

Navigation satellites, flying around 
the Earth, are constantly emitting radio 
signals. The navigator switches on a 
special instrument which picks up these 
signals and, by means of an electronic 
computer, calculates the position of the 
ship. It then prints the data on paper 
tape. Using this information, the navi- 
gator can determine where to sail next 
and at what time the ship will be in 
port. 

In the event of a shipwreck, too, sat- 
ellites are able to help sailors. They 
pick up the distress signals and transmit 
them to the Flight Control Centre. Then 
a lifeboat is sent out to the ship. 

A navigation satellite can help to de- 
termine the positions of other things 
too. It does not mind who contacts it — 
a boat, a plane, a tourist, or... an elk. 
This really happened once. The elk in 
question was called Mou. A small radio 
transmitter was hung around its neck 
and it was let loose in a wood. Then, by 
means of a satellite, which picked up 
signals from this transmitter, people 
were able to determine the exact place 
in which the elk was roaming. 
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Do you know the story of Kolobok, the 
little round loaf? When Kolobok grew 
tired of sitting on the windowsill, he ran 
away from grandmother and grandfa- 
ther. He rolled off down the road, past 
woods and meadows, fields and rivers... 

If we drew all that on a piece of pa- 


per, we should have a map of the places 
that Kolobok rolled past. On real 
maps, places like forests, seas, rivers, 
deserts, towns, villages, and roads are 
indicated by their own particular signs. 
Various colours distinguish them too. 


Maps are used by many different 
kinds of people. Pilots, sailors, builders, 
geologists, soldiers, and tourists all 
need them. These maps must be de- 
tailed and absolutely exact. 

What happens if the maps that peo- 
ple use turn out to be inaccurate? Pilots 
and sailors will not find the airport or 
seaport that they are heading for, and 
geologists will not be able to indicate 
accurately the whereabouts of useful 
mineral reserves that they have found. 
Builders who are laying a road between 
two towns will not meet each other in 


the middle, and tourists out walking or 
soldiers on the march will get lost. 

It is very difficult to draw a good 
map. But perhaps a satellite can be of 
help? As it turns out, it can. Like Kolo- 
bok, it rolls along its orbit, and as it 
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flies it keeps its camera clicking away. It 
is a dedicated photographer! Since it is 
photographing from a great height, it is 
able to take the entire Moscow area on 
one frame. Only half a minute after 
this, it is over the Vladimir area, and — 
click—it photographs that, too. 
Another half minute goes by, and it 
takes a third picture. Then all that has to 
be done is to transfer accurately onto 
paper everything that is on these pho- 
tographs—and you have a map! 


Maps are required by 
sailors, civil 
engineers, geologists, 
soldiers, and 
tourists. It is very 
difficult to compile a 
good map. Here 
satellites can 

help. They circle the 
Earth around and 
around, taking 
photographs all the 
time. This is a 
photograph of 
volcanoes and here 
are maps for 
geologists which has 
been compiled using 
observations by 
cosmonauts and from 
photographs taken 
from space. 
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What Will 
the Weather 
Be Like Tomorrow? 


In some places on Earth right now, 
there is severe frost and people are wait- 
ing impatiently for the warmer weather 
to come. Yet at the same time, in other 
places, people are exhausted by the heat 
and cannot wait for the rain to fall and 
cooler weather to set in. Wherever peo- 
ple live, they always want to know what 
the weather will be like that day—or 
the next, or the day after that, or in a 
week’s time. Some are interested in the 
forecast for their own town or village, 
while others want to know the forecast 
for the Black Sea or the Kamchatka pe- 
ninsula. That is understandable. The 
first group are working at home, and 
the second are going away either on hol- 
iday or on a business trip. 

In order to forecast the weather, one 
needs to know where the warm or cold 
air is, where the wind is blowing and 
what it is bringing with it. Meteorologi- 
cal stations have been built in many dif- 
ferent places on the Earth in order to 
observe the weather. The more the 
number of stations are, the easier it is to 
make forecast. A problem arises, how- 
ever, because of the fact that more than 
half the surface of the Earth is water, 
and these stations cannot be built in the 
sea. Moreover, dry land consists of 
many deserts and mountainous regions 
where there are no meteorological sta- 
tions. 

This is where the meteorological sat- 
ellite can help. It is called Meteor and 


is fitted with telecameras and various 
instruments. As it circles the Earth, it 
looks closely at its surface by means of 
these cameras. From up there in space 
where the satellite flies, clouds, hurrica- 
nes and storms are clearly visible. One 
can see in which direction and at what 
speed they are moving. By means of 
certain instruments one can also find 
out what the temperature is on any part 
of the Earth, at any height. 

Meteor passes on all its observations 
to a meteorological centre. Data come 
in here from various meteorological 
stations too. By means of all this infor- 
mation, meteorologists are able to draw 
up weather forecasts for the coming 
day, the next, the one after that and the 
following week, too. Moreover, they 
can make forecasts for all parts of the 
Earth. 
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Flight to the Moon 


For a long time, people have dreamt of 
flying to the Moon. They invented all 
sorts of things which might help them 
to do this— wings, arrows, and even 
enormous guns firing cannon balls with 
the traveller contained inside them. 
However, flight to the Moon became 


possible only through the invention of 
the rocket—not the simple sort, but 
the multistage rocket. This, made to the 
design of Sergei Korolev, was the first 
of its kind. In January 1959 it took off 
from Baikonur transporting the space 
probe Luna-1 to the Moon. But the probe 


did not reach its destination — it went 
wide of the mark, for its instruments 
were not accurate enough. A scientist 
described the flight of Luna-1 like 
an attempt to shoot a sparrow in flight 
from the window of a moving train. 
Nevertheless, some time later a new 
space probe, Luna-2, successfully 
reached the surface of the Moon. This 
event took place on 14 September 1959. 
Then came Luna-3, which flew right 
around the Moon and photographed its 
far side. It then sent this photograph to 
the Earth by television. 


Luna-24 — the 
Luna-24 craft made 
a soft landing on the 
Moon, gathered 
samples, and returned 
them to Earth. 
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From this time on, there began a 
whole series of trips to the Moon, made 
by both Soviet and American craft. 
They took close-range photographs of 
it and sent them to Earth; they also 
explored near-lunar space and worked 
out how a moon landing might be 
made. In February 1966, the Soviet 
space probe Luna-9 made the first soft 
landing on the surface of the Moon. 

Later on, scientists invented a meth- 
od of transporting moon dust to the 
Earth so that it could be studied more 
closely. Other probes— Luna-16, 


Luna-20, and Luna 24—carried out 
this kind of work. 

Today, a moon rover is one of the 
commonest of children’s toys. But not 
so very long ago, inventors were rack- 
ing their brains over how to transport 
Lunokhod-1 to the Moon, and how to 


make it work. It spent a whole year trav- 
elling about there, taking many pho- 
tographs of the lunar surface and send- 
ing them to Earth; it also analysed sam- 
ples of dust from various areas and 
passed on its findings to scientists. The 
moon rover was the first automatic ro- 
bot to visit the Moon. It was radio- 
operated from Earth and obediently 
carried out all its orders. 

Man too has visited the Moon. In 
June 1969, the American ship Apollo- 
11 was sent there with three astronauts 
on board. As the ship nedred its desti- 


Lunokhod — the 
Lunokhod was an 
automatic mobile 
apparatus that was 
landed on the Moon 
by the Soviet 
Luna-17 probe. 
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nation, it divided into two parts. In the 
first, which was called the lunar mod- 
ule, were the astronauts Neil 
Armstrong and Edwin ‘Aldrin. They 
chose a suitable place to land and 
brought their craft down onto the sur- 
face of the Moon. In the second half of 
the ship was the third astronaut, Mi- 
chael Collins. His task was to collect his 


r 


colleagues later on by docking with the 
lunar module once it had left the Moon 
and gone into orbit in near-lunar space. 

What did these astronauts see and 
how did they feel when on the Moon? 
They saw that it is like an empty grey 


desert there. There is no noise, and not 
a single puff of wind either. 

Neil Armstrong told of how frighten- 
ing it was to take his first step on the 
Moon; the dust on its surface seemed to 
be very soft. However, once that step 
had been taken, the astronauts’ courage 
increased. They began not only to walk 
about, but also to jump like kangaroos, 


and Michael 
Collins aboard 
Apollo-11 they 
were the first to 
make the two-way 
trip Earth-Moon- 
Earth with landing 
on the Moon. 


The American 
astronaut Neil 
Armstrong was the 
first inhabitant of the 
Earth to step onto 
the Moon’s 

surface. Together 
with Edwin Aldrin 
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pushing off from the ground with their 
feet together. On Earth you cannot 
jump like that for long—you soon 
grow tired if you try to. Yet on the 
Moon it is very easy; no effort is re- 
quired. This is because the Moon’s gravi- 
ty is weaker than that of Earth. Yet on the 
other hand, when you have been walk- 
ing there it is difficult to stop. You have 
to come to a halt gradually, as you do 
when you have been running on Earth. 

Once they had grown used to these 
unusual conditions, the astronauts 
armed themselves with scoops, and be- 
gan to collect moon dust. It was so light 
that, if the scoop were tilted only 
slightly, the dust immediately spilled 
out like a fine powder. On Earth, dust 
floats in the air before it settles, but on 
the Moon it scatters and falls in a sec- 
ond, leaving nothing but empty space 
behind it. 

The greater part of the Moon’s sur- 
face is covered with craters. These are 
enormous pits which have been formed 
by meteors—‘‘cosmic stones’— fall- 
ing on the Moon. 

For half of each month, the Sun does 
not go down on the Moon: this is a 
lunar day. Yet during the second half of 
the month, there is dense night. During 
the day it is extremely hot there. Stones 
heat up to such an extent that you can 
boil water on them. At night, however, 
the lunar surface grows very cold. 

The Moon has proved to be a dead 
planet. Neither the people nor the ro- 
bots that have been sent there have 
found, any signs of life. Perhaps, 
though, there is life on Venus? 


The Mysterious 
Planet 


Venus is the nearest planet to Earth and 
yet it is the most mysterious. Before 
flights into space began, people knew 
less about Venus than they did about 
the stars. Each star emits light and ra- 
dio waves by which scientists can study 
them. But Venus just reflects them. You 
cannot look at it through a telescope 
either, for its surface is covered in a 
thick layer of cloud. The only way to 
find out what it is like on Venus is to fly 
there. 

The first spacecraft to be sent to that 
planet, on 12 February 1961, was called 
the space probe Venera-1. It was the 
first of our explorers to head for that 
planet, but like Luna-! it flew wide of 
the mark. Unperturbed by this, the de- 
signers drew up plans for other, new 
craft. 

Following their design, all the Venera 
space probes consist of two parts. One 
of them, the lander, is supposed to land 
on the surface of the planet. The other, 
the orbital module, receives all the sig- 
nals emitted by the lander, strengthen- 
ing them and transmitting them to 
Earth. 

The first craft to enter Venus’s 
atmosphere was the unmanned station 
Venera-4. This event took place on 18 
October 1967. As it descended by par- 
achute, the lander transmitted data 
about the atmosphere’s temperature, 
pressure and composition. This was 
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very important information. Literally 
within minutes, scientists learnt more 
about Venus than they had at any pre- 
vious time. 

When the lander had only a little 
more than twenty kilometres to go to 
the surface of the planet, it suddenly 
stopped emitting signals. The atmos- 
pheric pressure there was so great that 
the craft had simply been crushed. The 
temperature was also very unfavour- 
able, for it sometimes reached 270 de- 
grees. Scientists realized that life could 
not possibly exist in such an environ- 
ment. Yet they decided to continue 
their research of Venus. It is very simi- 
lar to Earth, therefore solutions to the 
mysteries of that planet could provide 
us, earthlings, with some very useful 
information. All that needed to be done 
was to make a stronger body for the 
lander so that it would not be crushed 
again. Finally, on 15 December 1970, 
the lander Venera-7 touched down on 
the surface of the mysterious planet and 
emitted radio signals from there for the 
first time ever. 

It emerged that Venus’s atmosphere 
is 100 times more dense than that of 
Earth, and is composed of thick clouds 
of carbon dioxide. If you lowered 
a wooden toy ship into it, it would float 
as on a river. But, although the atmos- 
phere of the planet is very hot, the ship 
would not burn. This is because there is 
hardly any oxygen there, and it is oxy- 
gen that supports burning. - 

The probe’s telecameras and radio 
instruments informed scientists that on 
Venus, as on Earth, there is alternation 
between day and night. However, there 
is no change of seasons. During the 


day, the surface of Venus is lit up by the 
Sun to the same degree that the Earth is 
lit up by the Moon on a cloudless night. 
Thick clouds of carbon dioxide make it 
difficult for sunlight to penetrate the 
atmosphere. Yet, despite this, people 
have been able to see the colour of the 
planet. On 1 March 1982, the lander 
Venera-13 sent to Earth a colour pic- 
ture of the surface of Venus. It was 
orange. The sky above this planet is 
also orange in colour. 
On Earth it is always colder at night 
than it is during the day. This is not the 
case on Venus, however, for the Sun 
heats up the atmosphere so intensely 
that it never has time to cool. Therefore 
day and night are always equally hot 
there. Moreover, the wind on that plan- 
et is not at all strong and always blows 
in one direction. . 
Spaceships have not found any life 
on Venus, but scientists consider that it 
could be created there. They propose to 
try to grow algae—the commonest 
seaweed—in its atmosphere, for it 
feeds on carbon dioxide and gives off 
oxygen, which supports all life. If this 
experiment were successful, the atmos- 
phere of the planet would gradually be- 


.gin to change; it would grow cooler. 


Rain clouds would appear and with 
them, water. Then living creatures 
might be able to exist on Venus. 
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Is There Life 
on Mars? 


People have been asking this question 
for a long time. They have very much 
wanted to find other living beings near 


When people looked at it through a tele- 
scope, they could see rivers and chan- 
nels, and they noticed that the surface 
of the planet changes colour at different 
times of the year. They went on to im- 
agine what ‘“‘Martians”’ must be like — 
strange creatures, not at all like hu- 
mans, but just as clever—and they 
longed to meet them! 

With the invention of satellites, trips 
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Earth. And why not? Mars is one of our 
nearest neighbouring planets. It is 
much colder there than on Earth, but it 
is possible to live in such temperatures. 
And Mars, like Earth, has an atmos- 
phere, though it is not exactly the same. 


to Mars have become a possibility. But 
for the present, only automatic, 
unmanned spacecraft have been sent 
there. These were: the Soviet space 
probe Mars, and the American probes, 
Viking and Mariner. They determined 
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that the temperature on Mars fluctu- 
ates between 10 degrees Celsius during 
the day and —70 degrees Celsius at 
night. Because of such temperature 
changes, dust storms are constantly 
raging there. The rivers and channels 
turned out to be dry, although water 
was discovered here and there. How- 
ever, the spacecraft did not find any 
intelligent life on Mars. 

Yet perhaps some kind of very simple 
plant life may still be found there. 
Scientists thought that mosses and li- 
chens must be growing on Mars. They 
hoped that there might be some insects 
living there too. 

The two American Viking probes 
landed on Mars in 1975. Their task was 
to determine whether anything at all 
was living there, if only some simple 
form of plant life. After a long search, 
the probe’s instruments sent back the 
message that they had not discovered 
any life on Mars. 

Life has not been found on any other 
planets, either. Only Earth has been 
suitably equipped for us. But in years to 
come, people will think of ways to 
make our nearest planets habitable, just 
as they have learnt to make cars, planes 
and satellites. 
ravine is so 


large that it could 
hold an entire city 


a Salyut or Mir space 
station. It is 
constructed like the 
block with first Soviet rocket, 
fourteen-storey the Sputnik class, 
buildings inside them. with a central module 
The Ehergiya for the second stage 
rocket has two and four side 

stages. It weighs thrusters for the first 
more than 2000 stage. The payload, 
tonnes and can take which is the object to 
a payload five times be lifted into orbit, is 
the weight of fixed beside the 


Looking Beyond 
the Satellite 


Nowadays, young boys and girls who 
visit the “Kosmos” pavilion at the 
USSR Exhibition of Economic Achieve- 
ments run past the first satellite as if 
they had not even noticed it. They only 
have eyes for the orbital station Salyut. 

It seems that nothing goes out of date 
more quickly than space technology. 
Not so very long from now, today’s 
orbital stations, which seem miracles of 
science and technology even to adults, 
will give way to newer, less imperfect. 
craft. Then, just as now, children will 
no doubt rush to see these new interstel- 
lar vehicles before they look at any- 
thing else. 

Children quite often ask the ques- 
tion: “When will astronauts fly to 
Mars, Venus or other planets?” It 
seems that there is not long to wait. 
Man will definitely visit Mars one day, 
just as he has already landed on the 
Moon. 


second stage. The 
payload may be 
a manned reusable The new Soviet 
space craft, or rocket is one for 

a module for a future peace, and the Soviet 
orbital station, or Union has declared 

a space probe to other to all countries that 
planets. As you can’ it may be used to 
see the Energiya is _ realise any 

an all-purpose rocket, large-scale 

that is it can lift international project 
payloads with a large in space. 

variety of 


configurations and 
dimensions. 
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Comet — comets 

have always excited 
people. In the distant 
past and during the 
middle ages, their 
appearance was 
associated with fires, 
catastrophes, and 
wars. Maybe that’s 
why comets were 
always drawn as 
severed heads with 
flying hair. Comets 
usually consist of 

a nucleus, head, and 
tail. The head is the 
brightest part of the 
comet. In the centre 
of the head shines the 
nucleus like a little 


star. More 


interestingly a comet 
can lose its tail and 
regain it like 

a lizard. They have, 
therefore, been called 
celestial chameleons. 


Halley’s comet 
appears near the 
Earth every 76 

years. Its last 
approach was in 1986 
and it was received 
by four space probes 
from the Earth, 
namely Vega-1 and 
Vega-2 from the 
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9 March 

1986. Halley’s 
comet’s nucleus 

is clearly visible. 

It is irregular 

in shape, 14 
kilometers long and 7 
kilometers wide at its 
thickest point. The 
investigations have 
generated so much 
information that it 
will take several 
years to process 

it. The final results 
will be known after 
this book has been 


Soviet Union, Guiotto printed. 


from the European 
Space Agency, and 
Planet-A from 
Japan. 

As to what these 
space probes 
discovered, take 

a look at an image 
taken by Vega-2 on 
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The Soviet space probes, Venera and 
Mars, and the American ones, Mariner 
and Viking, have established that there 
is no intelligent life either on Venis or 
on Mars. However, scientists have not 
lost all hope of discovering some kind 
of simple life on Mars. How can they 
find out whether there is anything 
there? One of the most reliable methods 
would be to send an automatic probe 
there, instructing it to bring back soil 
samples. Scientists could tell quite defi- 
nitely from that soil whether or not 
there actually is life on Mars. That is 
the very next task to be carried out in 
cosmonautics, in its study of the 
planets. 

Much also remains to be done in 
terms of “opening up” near space. Sat- 
ellites have only just begun to be used 
for purposes of communication, navi- 
gation, weather forecasting, and explo- 
ration of the rich resources of Nature. 
There is a great deal of work ahead, for 
which you and your friends need to pre- 
pare yourselves. 

There is an old fairy-tale. It tells of 
a king who wanted to know everything, 
‘| but who did not know which subject to 
learn first. However, you, our readers, 
are luckier than that king, for this book 
will help you to understand something 
that he discovered only towards the end 
of his life—the fact that the world is 
a complex place. We are pleased that 
_} we have been able to guide you to this 
knowledge, for we believe that the more 
you young people learn, the easier life 
will be for you: you will find your way 
more quickly in this wonderful and 
interesting world. 
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4 October 1957. At 22 hours 28 minutes 
Moscow time, the Earth’s first artificial 
satellite was launched from Baikonur 
space port. 

3 November 1957. The Earth’s second 
artificial satellite was launched. Travel- 
ling on board was the first living crea- 
ture ever to fly into space—a dog by 
the name of Laika. 

1 February 1958. The USA launched 
their first satellite Explorer-1. 

2 January 1959. The first unmanned 
probe, Luna-1, was launched to the 
Moon. 

12-14 September 1959. A space flight 
was made to another planet for the first 
time ever. A memorial pennant bearing 
the symbol of the Soviet Union was de- 
livered to the surface of the Moon by 
the station Luna-2. 

20 August 1960. The descent module of 
a Soviet spacecraft landed on the Earth 
after the first space flight by living 
beings— the dogs Belka and Strelka. 
12 February 1961. Launching of the au- 
tomatic space probe Venera-1, sent to 
Venus. 

12 April 1961. The spacecraft Vostok, 
commanded by USSR pilot-cosmonaut 
Yu.A. Gagarin, took off from Baiko- 
nur space port at 9.07 hours Moscow 
time. This was man’s first flight into 
space. Its duration was 108 minutes. 
20 February 1962. The first orbital mis- 
sion by the American astronaut John 
Glen in a Mercury spacecraft. 

16 March 1962. Launching of the first 


of the Kosmos spaceships. The start of 
the Kosmos programme. 

26 April 1962. Launching of the first 
British satellite, Ariel-1, by a US carrier 
rocket. . 

29 September 1962. Launching of the 
first Canadian satellite, Aluet-1, aboard 
a US carrier rocket. 

1 November 1962. First flight to Mars. 
The unmanned space probe Mars-1 
flew 197,000 km past that planet and 
became a satellite of the Sun. 

16 June 1963. Launching of the space- 
craft Vostok-6, commanded by USSR 
pilot-cosmonaut V. V. Tereshkova. She 
was the first woman to fly into space. 
The duration of the flight was 2 days, 
22 hours, and 50 minutes. 

12 October 1964. The first team flight 
into space. The crew consisted of 
V.M. Komarov, K.P. Feoktistov, and 
B. B. Yegorov, on board the ship Vosk- 
hod. 

18 March 1965. The first walk in space. 
23 April 1965. Launching of the first in 
a series of automatic communication 
satellites Molniya-1. In November 
1967, these began regular transmissions 
of Central Television programmes via 
the satellites Molniya-1. 

31 January 1966. Launching of the 
Luna-9 unmanned space probe, which 
became the first to softland on the 
Moon (3 February 1966). It took pic- 
tures of the Moon’s surface at the land- 
ing site. It was followed by Luna-10, 
which became a lunar satellite. 

23 April 1967. Trial of the new manned 
ship Soyuz by USSR pilot-cosmonaut 
V.M. Komarov. 

30 October 1967. First ever docking in 
orbit of two automatic spaceships, 
Kosmos-186 and Kosmos-188. 
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21 July 1969. The US astronauts Neil 
Armstrong and Edwin Aldrin landed 
on the surface of the Moon. 

14 October 1969. Launching of Inter- 
kosmos-1, the first satellite to be equip- 
ped by various socialist countries 
through the international programme 
of cooperation. 

17 August 1970. Launching of Vene- 
ra 7, which made the first soft landing 
(15 December) on the surface of Venus. 
12 September 1970, Launching of the 
space probe Luna-16, which made 
a soft landing on the Moon, did drilling 
there, collected moon dust (20 Septem- 
ber), and delivered it to the Earth (24 
September). 

17 November 1970. Launching of the 
space probe Luna-17, which delivered 
to the Moon the first self-propelled 
machinery, Lunokhod-1. 

19 April 1971. The first permanent orbi- 
tal station of the Salyut type was put 
into orbit. 

28 May 1971. Launching of the space 
probe Mars-3 which made the first soft 
landing on Mars. 

28 October 1971. Placing in orbit of the 
British satellite Prospero using a British 
carrier rocket. 

14 April 1972. Launching of the first sat- 
ellite in the Prognoz series. Its task was 
to study the activity of the Sun, and its 
influence on the interplanetary medium 
and on the Earth’s magnetosphere. 

9 July 1974. First satellite in the Me- 
teor-Priroda series. Its task was to 
study the Earth from outer space. 

19 April 1975. Launching of the first In- 
dian satellite Aryabhatta aboard a So- 
viet carrier rocket. 


15-21 July 1975. First joint mission 
with crews from two countries aboard 
different spaceships (the Soyuz-Apollo 
programme). 

11 January 1978. Creation of the first 
orbital science research complex, con- 
sisting of the station Salyut-6 and two 
ships Soyuz. 

20 January 1978. Launching of the first 
automatic cargo spacecraft Progress. It 
docked with the space station Salyut-6, 
refuelled it, and also delivered various 
cargo. 

2 March 1978. Launching of the Soviet 
spacecraft Soyuz-28 which carried the 
first ever international crew on board: 
A. A. Gubarev and the Czechoslova- 
kia cosmonaut V. Remek from Baiko- 
nur space port. Duration of flight was 
about 8 days. Following this, space 
flight on board Soviet ships and sta- 
tions were made by citizens of Poland, 
GDR, Bulgaria, Hungary, Vietnam, 
Cuba, Mongolia, Romania, France, In- 
dia, and Syria. 

31 March 1978. Launching of the navi- 
gation satellite. Space navigation sys- 
tem Tsikada supplies Earth with infor- 
mation about the whereabouts of So- 
viet liners and fishing vessels anywhere 
on the oceans of the world. 

23 November 1979. International agree- 
ment signed by USSR, USA, Canada, 
and France on an international satellite 
system for locating ships and aircraft in 
distress. The first satellite in the net was 
the Soviet Kosmos-1383. 

18 July 1980. Launching of Indian sa- 
tellite Rohini on an Indian carrier 
rocket. 

12 April 1981. Launching of the first re- 
usable Space shuttle. 
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30 October 1981. Launching of the au- 
tomatic space probe Venera-13. On 
1 March 1982, its lander reached the 
planet Venus and transmitted scientific 
information for 127 minutes. For the 
first time, a panoramic view of the sur- 
face of Venus, in colour, was received 
by Earth. 

30 June 1982. Launching of the Kos- 
mos-1383 satellite, the first to join the 
international net for saving ships and 
airplanes. 9 September 1982 the Kos- 
mos-1383 observed and helped save 


three Canadians who had suffered an — 


air accident. 

8 February—2 October 1984. Launching 
of the spaceship Soyuz-T-10. The cos- 
monauts L. Kizim, V. Solovyov, and 
O. At’kov set a new record with the 


longest space  flight—236 days, 
22 hours and 49 minutes. 

25 July 1984. Svetlana Savitskaya be- 
came the first woman to do a space 
walk. She and Vladimir Janibekov test- 
ed a universal electron ray device de- 
signed to cut, weld and attach metals. 
The space walk lasted 3 hours 35 min. 
15 December, 21 December 1984. The 
Vega-| and Vega-2 probes were launched 
from the Baikonur centre to inves- 
tigate Venus and Halley’s comet. 

20 February 1986. Launching of the 
space station Mir, a new generation of 
Earth satellites, with six docking ports. 
21 December 1987—21 December 1988. 
The cosmonauts V. Titov and M. Ma- 
narov set a new record with the longest 
space flight — 366 days. 
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